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.INTRODUCTION 

INTERLOCKING is of English origin, numerous patents 
having been granted in England for manually operated 
interlocking devices from 1856 to 1867, at which later 
date was first disclosed by Saxby a satisfactory means for 
obtaining what is now known as "preliminary latch locking." 
The rapidity with which this valuable system was adopted in 
England is indicated by the fact that six years later, in 1873, 
13,000 mechanical interlocking levers were employed on the 
London & Northwestern Railway alone, at which time not a 
single lever was in use in the United States, the first experi- 
mental installation having been made in this country by 
Messrs. Toucey and Buchanan at Spuyten Duyvil Junction, New 
York City, in 1874, and the first important installations on a 
commercial basis having been made by the Manhattan Elevated 
Lines of New York City with machines of the Saxby-Farmer 
type, built by the Jackson Manufacturing Co. of Harrisburg, 
Pa., in 1877-78. 

Very soon after American railways had gained a little experi- 
ence with mechanical interlocking plants, it was felt that 
there were many situations where great economies could be 
effected and more satisfactory operation obtained if switches 
and signals could be successfully worked by power instead of 
manually. For precisely the same reason — viz : saving of 
labor — that English railways were first led to concentrate in 
a single frame the theretofore widely separated levers for the 
operation of switches and signals — thus leading up to the 
idea of interlocking — so the much higher cost of labor in the 
United States than in England caused the American railways 
to demand an interlocking that would afford means for operat- 
ing switches and signals over greater distances and with fewer 
operators than were required under the English method. 
The first concrete response of the American inventor to this 
demand was the Hydro-Pneumatic Interlocking installed 
in 1884 near Bound Brook, N. J., at the crossing of the 
P. & R. and L. V. R. R. From 1884 to 1891, eighteen Hydro- 
Pneumatic plants, having 482 levers, were installed on six 
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railways, but this system having developed many serious 
defects, its inventors devised and in 1891 installed the first 
electro-pneumatic plant at the Chicago & Northern Pacific 
Drawbridge, Chicago. In the following ten years, there 
were ordered — up to June 1, 1900 — fifty-four electro- 
pneumatic plants, having 1,864 levers, for use on thirteen 
railways. It was felt at this time that while power interlock- 
ing had been proven to be usable with advantage in a few 
important situations, it fell far short of accomplishing all that 
was desired and required of it by the railways, and it was even 
then believed by some engineers that owing to certain defects 
and limitations inherent in the electro-pneumatic principle 
itself, some safer, more reliable and economical system would 
have to be developed before power interlocking could, with 
wisdom, be more generally employed. 

Just at this time (May, 1900) a company was formed to 
develop and exploit the electric interlocking patents now 
owned by the General Railway Signal Company and embody- 
ing the now well-known "dynamic indication'* principle. In 
1901 this Company put in service its first electric interlocking 
plant employing the dynamic indication, at Eau Claire, Wis., 
on the C. St. P. M. & 0. R'y. As might have been expected, 
in view of the newness of the idea, and of the Company exploit^ 
ing it in opposition to an old-established and rich competitor, 
its progress was slow; but, the idea being right, its progress 
has been steady and sure, with the result that in the eleven 
years since its first plant went into service, it has furnished for 
use on eighty-three railways in thirty-five States and Provinces 
of the United States and Canada, 440 of these plants, having 
21,370 levers. In the sixteen years from the installation of the 
first commercial pneumatic machine, during which time no 
competitive power interlocking machine was on the market, 
the average annual sales were four and five-tenths machines 
and 147 levers. In the eleven years following the installation 
of the first commercial dynamic indicating electric interlock- 
ing machine, and in competition with all other types of 
power interlocking, our average annual sales have been 
forty machines and 1,943 levers. With but few exceptions, 
American railways requiring power interlocking now exclu- 
sively specify the "all electric," and while the success achieved 
with our "dynamic indication" system has led a number of 
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companies to devise and offer electric systems, it is believed 
conservative to state that much more than 90 per cent, of 
all the electric interlocking in use in the United States is of 
our manufacture. A more exact statement of percentage 
cannot be given for the reason that, so far as we have been 
able to ascertain, other makers of power interlocking plants 
have not in recent years seen fit to give publicity to the nxmi- 
ber of power plants and power levers installed by them, though 
prior to our advent in this field such statements were fre- 
quently published. It can, however, be positively stated 
that more of our electric plants and more electric levers have 
been installed on American railways in this past ten years 
than of all other types of power interlocking in the past twenty- 
eight years. 

An evolution so rapid, extensive and radical as this cannot 
fail to suggest an inquiry into its causes and what bearing 
they may or should have upon the interlocking practice of the 
future. 

Diuing the annual meeting of the Railway Signal Associa- 
tion at Buffalo in October, 1901, one of the principal questions 
discussed was, "At what leverage is it economical to install 
power interlocking rather than mechanical." The consensus 
of opinion then seemed to be that power plants might be 
economically used where and only where, on account of the 
size of the machine or density of traffic or for any other reason, 
more levermen would be required to operate a mechanical 
than a power machine. At that time the writer hazarded 
the opinion that in the course of time mere size of plant and 
density of traffic would cease to be generally regarded as the 
sole or even as very vital factors in arriving at a choice between 
power and mechanical interlockings ; that signalmen who were 
at that time obliged to compare the advantages of mechanical 
interlocking with those of the only power interlocking with 
which they then had experience, the electro-pneumatic, might 
reasonably be expected to change their views very materially 
when they came to be familiar with the advantages of "all 
electric*' interlocking. How far this forecast, which was then 
regarded by many able, experienced signalmen as visionary, 
was warranted may be judged by an examination of tables in 
this handbook showing hundreds of small and medium sized 
electric interlocking plants installed by us in the decade that 
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has elapsed since then, thus affording evidence that not only 
is electric interlocking rapidly displacing all other types of 
power interlocking but that it is being largely and increasingly 
used where formerly nothing but mechanical interlocking 
would have been considered. The writer believes now as he 
believed ten years ago that certain of the important reasons 
for this change are found in the following facts: 

Entirely aside from considerations of economical operation 
that obviously demand the usage of power interlocking at all 
points where more than one leverman would be required for 
the operation of a mechanical plant, or where train movements 
are so numerous as to make the operation of such a plant too 
great a physical strain upon the operator, there are other and 
equally important features to be considered with respect to 
every proposed new interlocking, chief of which is the fact 
that no purely mechanical interlocking ever devised is any- 
where near so safe as is the dynamic indicating electric inter- 
locking. In spite of the now general recognition of this fact, 
it must be remembered that it was only as the electric inter- 
locking came to be commonly used and its safety features to 
be compared with those of straight mechanical interlocking 
that the defects and dangers of the latter became emphasized 
by the contrast. Thus, beginning about ten years ago, the 
realization of this fact by skilled signalmen led them, at first 
slowly but as time has gone on more and more rapidly, to one 
of two practices, viz: the use, on the one hand, of electric 
interlocking, pure and simple, or, on the other, adding to 
mechanical interlocking all sorts of electrical apparatus and 
circuits. Where the latter expedient is adopted, the resultant 
composite plant requires a maintainer combining the experience 
of a mechanic and of an electrician, and such men are not 
numerous. Fifteen years ago the number of young men who 
had even a rudimentary knowledge of electrics was small; 
but — owing to the enormously increased employment of elec- 
tricity in telegraphy, telephony, lighting, manufacturing and 
transportation; to the institution of simple coiuTses in elec- 
tricity in trade, industrial and correspondence schools ; and to 
the fact that it is easier and takes much less time to acquire 
a usable working knowledge of electrics than to become a 
fairly skilled mechanic — most railways now find it possible 
to procure, at the prevailing wage rate, men capable of 
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maintaining electrical rather than mechanical installations — 
particularly since the automobile and kindred industries have 
created such an unprecedented demand, at high wages, for 
mechanics. 

Another fact having an important bearing on this phase of 
our subject is this: American block signal practice, like its 
interlocking practice, was originally copied from the English, 
who employed the manual system. In block signaling, as was 
the case in interlocking, the American demand for labor 
saving devices early led to the invention of power operated 
automatic block signals, the first of which to be employed 
on a considerable scale were of the pneumatic type. Now, 
in automatic block signaling, as in interlocking, the electric is 
almost entirely supplanting the electro-pneumatic, and few, if 
any, American railways are now considering anything but 
electric signals for new block work. Such signals are now 
used on upwards of 35,000 miles of American railway, and 
large additions are being made thereto annually. It will 
hardly be denied by any engineer skilled in signaling that 
every interlocking plant, located in automatic, electric, block 
signaled territory should be electric, since, if for no other 
reasons, it can be more simply installed, more economically 
maintained and more reliably operated than a mechanical or 
any other type of interlocking which would require the mixing 
in with the necessary electric block devices of other types of 
apparatus requiring maintainers and repairmen having needed 
training in two or more trades rather than in one. This is a 
consideration, which, quite apart from that of maximum 
safety, has led many railways to the installation of a great 
deal of electric interlocking in automatic block signaled dis- 
tricts and which is influencing them and others to take like 
action where automatic block signaling, though not in imme- 
diate prospect, may be put in within a few years. 

Thus it has come to pass that of the railway men who still 
feel that the mechanical interlocking when provided with 
various electrical adjuncts may be made to be almost if not 
quite as safe as the "all electric plant," more and more are 
coming to realize that simplicity, economy and reliability 
demand the usage of the electric interlocking in preference to 
any others, particularly as a mechanical plant, even when 
equipped with the most elaborate system of electrical adjuncts. 
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has not changed its nature but still remains a mechanical 
plant, subject to most of the operating difficxilties inseparable 
from such a plant. 

Another situation that has largely influenced the adoption 
of electric interlocking is the following: Up to the time of 
the introduction of electric interlocking, it was the rule, rather 
than the exception, for American railways to operate from 
interlocking machines at ordinary crossings and junctions 
such switches as were within 700 to 800 feet of it, but not to 
operate or adequately signal more distant switches. Where 
any connection existed between such distant switches and 
the interlocking it was usually no more than that established 
by having an electric circuit controller on such a switch by 
means of which an electro-magnetically slotted distant signal 
alone was prevented from giving its proceed indication when 
the switch was open between it and the home signal. It 
was claimed by the railways, not without reason, that it was 
too difficult and costly, and in some instances impossible, to 
satisfactorily operate such switches from a single machine 
and that it would be the height of folly for them to install one 
or more additional machines merely for the sake of operating 
these switches, the interlocking of which would not have been 
at all considered at the moment except for their proximity to 
junctions or crossings they were obliged to interlock. Gradu- 
ally, however, for one or another reason, American practice is 
coming more and more approximate to that of England, 
where every main line switch on a passenger carrying road has 
to be properly signaled and interlocked, and coincident with 
and probably largely responsible for this changed attitude of 
the American railways is the now almost universal recognition 
of the fact that electric interlocking alone affords the means for 
successfully accomplishing this in the United States without 
excessive cost for both installation and operation. Many of 
our electric plants have for years satisfactorily operated 
switches, together with their allied signals, located from one 
to six thousand feet from the interlocking machine, some- 
times with tunnels or other obstructions to view, intervening 
between the interlocking station and the switches. In fact, 
as temperature changes, no matter how great or how sudden, 
do not in any degree affect the operation of our electric 
plants, they being absolutely free from such disorders as, in a 
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mechanical plant, occur because of contraction or expansion of 
parts connecting the interlocking levers with the switches 
and signals, and as the ^'dynamic indication'' features and the 
''illuminated track diagrams'' make it wholly unnecessary for 
the operator to see tracks, trains, switches, or signals — there 
is absolutely no limit to the distance at which such switches and 
signals can be safely, reliably and expeditiously worked by means 
of our electric interlocking. As an illustration, it may be 
of interest to note here that by far the largest interlocking plant 
in the world, one of our dynamic indicating type, at the Grand 
Central Terminal of the N. Y. C. & H. R. R. R.,New York City,is 
operated most successfully under conditions where it is impos- 
sible to have any view from the interlocking station of trains, 
tracks, switches, or signals. 

It would be possible, as is recognized by all who have closely 
observed and carefully studied the trend of American signal 
practice for a score or more of years, to cite almost number- 
less additional conditions each of which has had some part, 
big or little, in determining why it is that electric interlocking 
has been and is being increasingly installed in units varying 
all the way from four to four hundred levers; why it is 
used with equally satisfactory results at small junctions, 
yards and crossings where traffic is light ; at hundreds of 
points of medium traffic where machines of from sixteen 
to forty-eight levers are required and at the busiest and 
largest terminals ; but such a citation would be long, and after 
all, the whole matter can be briefly summed up by saying that 
the reasons why more of our dynamic indicating electric inter- 
locking machines have been installed in the last ten years 
than of all other types of power interlocking in the past twenty- 
eight years, and why they are being so largely employed 
where formerly only mechanical machines would have been 
considered are — that experience has fully demonstrated that 
wherever and under whatever conditions of traffic or climate 
our dynamic indicating electric system has been tried it has 
been found superior to every other type of interlocking, in 
safety, reliability, economy and rapidity of operation and in 
its adaptability to every present and prospective need of the 
user. For these reasons, the writer hazards the prediction 
that within the next ten years many important American 
railways will closely approximate to a condition where every 
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block signal and every interlocking machine, large and small, 
over long stretches of their main line will be controlled, operated 
and lighted by power supplied from central energy stations, 
and where, in consequence, mechanical or any other than 
electric interlocking will be almost as much a thing of the 
past as is the "horse car" on the street railways of to-day. 
To such readers as may be inclined to regard this forecast as 
wild or visionary, the writer suggests the perusal of the preface 
prepared by him for the 1902 Electric Interlocking Catalogue, 
and that this may be readily done, that preface is reprinted 
herein (see page 405). After noting the forecasts made in 
1902 and finding that every claim therein advanced for the 
then newly introduced electric interlocking system has been 
fully met and that its general adoption has more than realized 
the most sanguine expectations then entertained for it — the 
reader may be less inclined to be over skeptical as to the pre- 
diction made for the coming decade. 

To meet the requirements of the many present and prospec- 
tive users of our dynamic indication electric interlocking, we 
have prepared this Handbook, wherein it is sought to furnish 
data that will be useful to all those seeking a true understanding 
of the dynamic indication principle, and to those who are 
required to prepare bills of material for, or to install, operate 
or maintain our electric interlocking. 

W. w. S. 
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G. R. S. ELECTRIC INTERLOCKING SYSTEM 



SETTING FORTH THE PRINCIPLES IN- 
VOLVED AND GIVING A BRIEF DE- 
SCRIPTION OF THE APPLIANCES USED 
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G. R. S. ELECTRIC INTERLOCKING 

SYSTEM 

Requisites of a Properly Designed Interlocking 

System 

INTERLOCKED switch and signal appliances were first de- 
vised and used at junctions and terminal points for the piu^ 
pose of reducing the number of men employed to go from 
switch to switch, throw them by hand and then give a hand sig- 
nal for the train to proceed over the route thus lined up. It was 
soon found that operating the switches and signals from a central 
point under the control of the levers in an interlocking macMne 
greatly expedited the handling of traffic. By far the p*eatest 
accomplishment of interlocking, however, was the addition of 
an enormous factor of safety at such points to train operation. 

Inherent in the system of mechanical interlocking which 
first was employed to control the switch and signal functions 
were certain recognized shortcomings as regards safety and 
facility of operation. 

Systems of power interlocking in the field prior to the intro- 
duction of the electric dynamic indication system, now owned 
and manufactured by the General Railway Signal Company, 
although giving increased facility of operation, did not and 
do not provide the greatest safety obtainable with this increased 
facility. 

The features of vital importance in considering the merits 
of any system of power interlocking are those which are 
designed to give the greatest measure of safety together with 
facility of operation. The two features most important to 
safety are : 

First — The means provided to check the correspondence 
of movement between lever and the switch, signal, or other 
function controlled by it. 

Second — The means for preventing unauthorized move- 
ment of switches, signals, or other controlled functions. 

The reliability of tne means by which the above protection is 
secured determines more than anvthing else the safetv of a 
given system of interlocking. In fact, this is so vital that an 
interlocking plant without a thoroughly dependable system 
for insuring correspondence between its levers and the operated 
functions, and for preventing the unauthorized movements of 
such functions, is absolutely unsafe. 

The G. R. S. electric interlocking system fully meets the 
first important requirement of checking the correspondence of 
movement between lever and operated function by means of 
the dynamic indication, energy for which is furnished by a 
momentary djrnamic current generated by the motor of the 
operated function itself when and only when the actual opera- 
tion of such function shall have been properly completed. 
Contrast this with systems employing A. C. or battery 



16 GENERAL RAILWAY SIGNAL COBQ-ANY 

indication, in which the indication is secured from energy 
existent at the function prior to and during the movement of 
that (unction and dependent only on the closing of a single 
break in the indication circuit. 

The use of the dynamic current, generated by the momen- 
tum of the motor of the operaled unit 'at one end of the eireuU 
and so giving the desired indication at the lever at tiie other end 
of the circu.it, prevents the receipt of a false indication due to a 
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cross between the wires of the circuit, and is, therefore, correct 
in principle. 

The unauthorized 'movement of switches or derails, or the 
improper clearing of the signals is prevented by a simple and 
effective method of cross protection, the basis for which is 
inherent in an electric interlocking system using dynamic 
indication. It is a notable feature that the second require- 
ment la met by a means in which all the contacts required for 
this protection form a part of the operating circuit, thus check- 
iM their integrity at each operation. 

In order to fully consider the advantages of the G. R. S. 
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Elements of G. R. S. Electric Interlocking 
System 
A complete inatallation of the General Railway Signal Com- 
pany^ electric interlocking aystem comprises the following 
elements: 

First — A source of power consisting of a storage battery 
with its chargii^ unit. 
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Second — Power control apparatus introduced between the 
source of power and the interlocking machine. 

Third — An interlocking machine with levers tor the control 
of the switch and signal mechanisms. 

Fourth — Switch mechanisms, their ■ operating and indicat- 
inzcircuits. 

Fifth — Signal mechanisms, their operating and indicating 
circuits. 

Sixth — Means for the prevention of unauthorized move- 
ment of any function. 

In connection with such a system may be installed such 
accessories in the way of track circuits, detector locking, 
route locking, indicators, annunciators, etc,, as may be de- 
sired at each individual installation. 
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Source op Power 

The source of power, from which the G. R. S. system 

of electrk interlocking ia operated, consists of a stor^e 

battery having an approximate working potential of 110 



Lake Stheet I 



Power Control Apparatus 

Power is delivered to the interlocking machine under the 
control of protective apparatus, mounted on suitable switch- 
boards. 

Interlocking Machine 

The operation of each switch and s^nal function is controlled 
by levers, which with their respective locking tappets, indica- 
tion maenets and circuit controllers, are mounted in a common 
frame, the whole being known as an interlocking machine. 

Starting with the lever in either of its extreme positions, 
the stroke of the lever is divided into two movements. The 
hrst movement locks all levers conflicting with its new position 
and opCTatea the function. The second and final movement 
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of the stroke releases such levers, hitherto locked, as do not 
conflict with its new position. Except in the reverse position 
of a smial lever, this final movement can be made after, and 
only after, the dynamic indication has been received certifying 
that the operated function has assumed a position correspond- 
ing with that of its lever. 

Switch Mechanism ^ Its Operating and Indicating 

Circuits 

Each switch and derail is thrown and locked by a switch 

and lock movement driven by a series wound direct current 
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motor. Two wires are used for its control, one for the normal 
and the other for the reverse operation. These same wires 
are used for indicating purposes, the normal control wire being 
used for the reverse indication and the reverse control for the 
normal indication. The circuit is connected to main common 
at the switch location. 

The circuits for a switch are shown in simplified form in 
Fig. 5, the operatii^ and indicating currents in the different 
diagrams being shown by the red lines. 

When the switch (normal position) is to be operated, the 
first movement of the stroke of the controllir^ lever carries it 
as far as the reverse indication position and permits current to 
fiow as shown in Fig. SB, which causes the mechanism to move 
the switch points to the reverse position and lock them in 
that position. When this movement has been completed the 
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circuit through the Bwiteb motor ia automatically changed, 
disconnecting the motor from battery and connecting it in a 
closed circuit including the indication magnet {Fie. 5C) ; at the 
same time the armature terminals are reversed for indication 

Surposea, this leaviM the motor connections in proper position 
jr the next operation. The motor (now a generator) with 
the momentum acquired during the operation of the switch 
movement, generates a momentary current which energizes 



Fia. e. Model 



the indication magnet, thus permitting the final movement of 
the lever to be completed (Fig. 5D), 

The operation of the lever and function from the reverse to 
the normal position ia accomplished in the same manner. 

A useful feature, not usually obtainable in other power sys- 
tems, ia that the movement of the switch points may be re- 
versed at any portion of their travel at will by the operator, 
and the lever movement completed upon the switch points 
assuming a position corresponding with that of the Lever, 
irrespective of the direction of the first movement made by 
the lever. 

The complete switch operation and final movement of the 
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lever may be accompliahed in from 
two to two and one-half seconds, 
the indication being practically 
instantaneous with the completion of 
the switch operation. 



The description o[ signal mechan- 
isms will be confined to the non- 
automatic, two position signal, as this 
will show the principles involved in 
all types of motor driven signals now 
used m the system. 

This signal is operated by a 
mechanism in whicn the motor is 
directly connected to the semaphore 
shaft through low reduction gearing 
The si^al IS held at proceed during 
such time as its controUine lever is 
in the reverse position solely by a 
dense magnetic flux thrown across 
the air gap between the motor arma- 
ture and tne field pole pieces (holding 
field pole surfaces are serrated) by 
cutting the windings on the holding 
field poles in series with the operating 
field windings. 

Each signal requires for its opera- 
tion and mdication one wire and a 
connection to the common return wire. 

A simplified circuit for this type of 
signal is shown in Fig. 8, the path 
taKen by the operating, holding, and 
indicating current in the different dia- 

fams bemg shown by the red lines, 
of the controlling lever, the signal 
. receive current as shown in Fig. 8B, 
to move the blade to the proceed 
>n the signal blade has assumed this 
rcuit breaker cuts in series with the 
. and armature, the high-resistance 
;hereby retaining the signal arm at 
iC). The holding field windings have 
a nign resistance, which reduces the current to that 
employed for nolding the agnal at proceed. 

When the signal lever is placed in the normal indicating 
position, enet^ is cut off from the motor and the blade returns 
to the stop position by gravity, causing the signal mechanism 
and motor armature to revolve backward to their original 
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position. Just as the blade reaches the stop position the 
action of the circuit breaker connects the motor armature and 
operating field into their original closed circuit (Fig. 8D), in 
which is included the indication magnet. Due to its acquired 
momentum the motor (now a generator) produces an indica- 
tion current in this circuit whicn permits the .controlling lever 
to be moved to the full normal position (Fig. 8E). 

It is universal practice to indicate the signal lever in the 
normal position only, this insuring that the signal blade is in 
the stop position before releasing any of the switch levers in 
the route governed. No safety features are sacrificed if the 
signal fails to assume the proceed position upon reversal of its 
controlling lever. 

Dynamic Indication. The use of the dynamic indication as 
described above has the foUomng advantages : 

First — The indication is not secured from energy existent 
at the function prior to the movement of that function and 
dependent only on the closing of a single break in the indica- 
tion circuit, as is the case m A. C. and battery indication 
systems; but being a dynamic current generated by the mo- 
mentum of the motor, it can be secured wUy after actual opera- 
tion of the function. 

Secovd — The energy for the indication is developed at one 
end of the circuit and the indication magnet is located at the 
other; hence a cross between wires prevents indication, whereas 
in systems which use the battery in the interlocking station 
for indication a cross tends to cause indication. 

Third — No extra power is required for indication. 

Fourth — The indication current ceases automatically with 
the stopping of the motor and, therefore, no auxiliary devices 
or operations are necessary to cause it to cease. 

Fifth — No additional wires are required for indication. 

Sixth — The generated indication current automatically 
"snubs" the motor and causes it to stop without shock and 
without the use of buffers, springs, or auxiliary snubbing 
circuits. 

Seventh — The indicating circuit is automatically checked 
as to its integrity every time an indication is received, and 
being a closed circuit of low resistance around the motor, it 
shields the motor while at rest from all foreign currents. This 
inherently provides the foundation for the simple and effective 
cross protection system employed with the G. R. S. electric: 
interlocking. 

Means for the Prevention of Unauthorized 
Function Movements 

The cross protection system prevents the unauthorized 
movement of any switch, signal, or other function due to 
energy improperly applied to its circuit through a cross between 
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wires, by cutting off current from the function in the event, of 

such an occurrence. 

As explained under "Dynamic Indication," all functions are 
normally on a closed circuit of low resistance. Connected_ in 
each of these circuits is a small polarized relay through which 
all operating and indicating currents must pass in a direction 
to maintain the relay's contact closed, while all currents from 
an unauthorized source must pass in the opposite direction 
thus instantly openii^ the contact. Throi^h all these con- 
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tacts in series is controlled the retaining magnet of an electro- 
mechanical circuit breaker, which is introduced into the power 
mains between the storage battery and the interlocking ma- 
chine. Hence, a cross onto the circuit of a function at rest, 
by opening the contact of its polarized relay, opens the electro- 
mecnanical circuit breaker, cuts power off from the interlocking 
machine and thereby prevents any improper movement of 
the function. 

In a simpie plant a single electro-mechanical circuit breaker 
is ordinarily installed, this preventing the movement of all 
functions at any time the circuit breaker may ha open. Where 
traffic conditions warrant the increased expenditure, additional 
circuit breakers may be provided to permit of dividing the 
plant into as many sections as may be desired. 
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The design of the circuit breaker is such as to make it impos- 
sible for a leverman (thoughtlessly or through ignorance) to 
prevent it from performing its function. 

Cross Protection. The cross protection secured with the 
G.R.S. electric interlocking system has the folloiving advantages: 

First — All contacts and connections depended upon for 
cross protection are either on closed circuit or are used for opera- 
tion and indication, so that anjr failure of these contacts and 
connections, which would impair their usefulness as a cross- 
protective medium, also prevent operation and indication. 
Hence they are under a constant, automatic check without the 
use of any extra contrivances for this purpose. 

Second — Wire insulation is not depended upon for cross 
protection. This system at certain installations has given 
years of safe operation with wire, the insulation of which does 
not measure up to the usual standard. 

Third — The cross protective apparatus consists of the polar- 
ized relays and apparatus on the operating board ; no wire or 
additional appliances are required outside of the station to 
secure this protection other than the simple apparatus already 
installed for the operation of the various functions. 

Fourth — The switch and signal motors, being of low resist- 
ance, require a current of several amperes for their operation; 
therefore, a cross to produce the operation of any function 
must be of very low resistance. Thus it will be seen that the 
system is not sensitive to the effect of crossed wires. Not- 
withstanding this fact, an efficient system of cross protection 
is provided m the G. R. S. system. 

Conclusion 

The comparative value of different systems of interlocking 
may be accurately determined by a consideration of but four 
essential factors. These four factors must be present in any 
interlocking system to warrant its use. They are: Safety, 
Facility, Reliability, and Economy. 

Safety. 

The factor first demanding consideration is that of safety. 
This essential of an interlocking system overshadows all other 
considerations, and in the ideal system the safety must he 
absolute. The G. R. S. electric interlocking with dynamic 
indication provides a factor of safety that is the closest approxi- 
mation to the ideal known to those skilled in the signaling art. 
This is verified by the statement made by a disinterested 
committee in an able report based on a study of various types 
of power interlocking systems, presented to the International 
Congress of Application of Electricity held at Marseilles, 
France, in 1908, this statement being worded as follows : 

"The safety of an interlocking plant is dependent solely 
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upon the existence of a positive, reliable indication of corre- 
spondence between the position of a lever and its controlled 
function. * * * the Tavlor (G. R. S.) system meets 
even this requirement. In tact it insures absolute reliability 
of indication by employing the motor as a means for generat- 
ing the required current as explained above — so that it is 
certain that the indication given cannot ever be due to de- 
fects in wiring. Then, this indication having been received 
in the interlocking station, it establishes a control which is 
permanently maintained by a source of energy located in 
the station. Moreover this permanent control utilizes identi- 
cally the same circuit that is employed in the normal operation 
of the function; in consequence, the circuit used is one that 
must be maintained in good, operative condition for each 
movement of the function. 

It will therefore be seen that by virtue of this arrangement, 
the Taylor (G. R. S.) system insures permanency of indica- 
tion ; that it is economical since it utilizes the operating source 
of energy located in the station, and that it is absolutely 
trustworthy since it is in no sense subject to any danger from 
crossed or grounded wires." 

Facility. 

The facility offered by any given interlocking system depends 
largely upon : first, the rapidity of operation of the individual 
functions, and second, its capabilities for permitting simulta- 
neous operation of a number of functions. In such a system 
the amount of time required to move traffic is reduced to a 
minimum. 

By incorporating the above two features in the design of the 
system, the G. R. S. electric interlocking fully meets all 
demands for facility of operation. This has been repeatedly 
proven by the performance of the system at points where 
the traffic conditions have imposed the most exacting operating 
requirements. 

Reliabilityi 

The reliability of an interlocking system is primarily de- 
pendent upon the fundamental principle underlying its opera- 
tion, and m general it may be said, without fear of contradic- 
tion, that unless the principle is simple, it is not correct. The 
correct principle having been adopted, the reliability of the 
system then depends upon a proper design of each and every 
part of the devices used to put the principle into practice. 

It is recognized that the principles of operation of the G. R. S. 
interlocking are correct, and the circuits simple to an extreme 
degree, no radical changes having been made in either since 
the introduction of the system. The parts of all apparatus are 
strong and rugged, and capable of performing their functions 
without undue wear and tear; furtnermore, the design of all 
parts of the apparatus has been so very carefully perfected 
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during some twelve years' experience that their form now 
represents the very best engineering practice. 

As an example of the system's reliability of operation, 
records published by an important railroad covering a period 
of one year show a total of 2,615,406 switch operations, in 
which the number of imperfect operations were so few that 
they did not exceed one to every 186,814, and the total traffic 
detention for the year was only seventy and one-half minutes. 

Due to the correct design of the apparatus and resultant 
long life of same, the cost of renewals is practically negligible. 
This, together with the marked simplicity of the circuits, 
insures a cost of maintenance much less than in any other 
system of interlocking. The cost of operating also snows a 
corresponding economy, not only by the fewer number of 
men required for the operation of the power system as com- 
pared with the mechanical system, but also in the cost of 
power when compared with other power systems. Carefully 
Kept railroad records show that the power cost is but one cent 
for 300 to 400 switch and signal movements. 

A most minute analysis and extended description of the 
merits and advantages of any given system of interlocking 
fails to be convincing unless the truth of all the statements 
are thoroughly substantiated. That the above statements 
concerning the G. R. S. electric interlocking system must 
be true, is shown by the well nigh universal adoption of the 
system, both for large and for small installations. 

Four hundred and forty installations have been made or 
are under contract on some eighty different railroads in all 

Earts of the United States and Canada, a considerable num- 
er of plants also having been installed in Europe. On the 
basis that one interlocking lever in use for one year equals 
one lever year, the G. R. S. system now shows a record of 
110,000 lever years. 

The satisfactory operation of these installations, large and 
small, under widely varying conditions of both climate and 
traffic, is a most convincing demonstration that every demand 
for an interlocking system has been met in a most satisfactory 
manner by the G. R. S. electric interlocking. 



SECTION II 



G. R. S. ELECTRIC INTERLOCKING 

APPLIANCES 



GIVING A DESCRIPTION OF THE AP- 
PLIANCES USED AND THEIR METHOD 
OF OPERATION 



^ 



INTERLOCKING STATIONS 
The Interlocking Station 

THE interlocking station, from which the various switch 
and signal functions of the plant are operated, is usually 
a two-story building similar m appearance to those used at 
mechanical plants. The station does not require the same heavy 
conatructionusedinmechanicalworkonaccount of the fact that 
the movement of the levers of the electric interlocking machine 
put^ absolutely no strain on the building. It should be noted 



in this connection, however, that the frame building generally- 
used in the earlier installations is of late years bemg lai^ely 
supplanted by the more substantial brick or concrete structure. 

Size of the Building 
The station can be much smaller than that required for 
mechanical plants of the same number of functions due to the 
smaller size of the interlocking machine. The length of the 
building is usually determined by the size of the interlocking 
machine; the width, however, is generally in excess of that 
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larger )nst;a11a.tions to provide room for a train director and 
tel^^ph operator. 

When it is desired to have shops and storerooms located 
in the interlocking station, the machine ceasea to be the 
determining factor in the size of the building, unless the 
additional space for these rooms is secured by using a three- 
atory buildmg as in the case of the Lake Street Station 
shown in Fie. 13. It is also true that on small plants the 
location of tne storage battwy and power apparatus in the 
lower story of the station is apt to make it necessary for 



Arrangement op Apparatus 
The different methods of arranging the apparatus in the 
station is shown by Fi^. 11, 13 and 15, which may be 
taken as typical of small, intermediate and large sized stations 
respectively. By reference to these illustrations it will be 
seen that the general practice is to locate the interlocking 
machine, the operating switchboard and such accessory appa- 
ratus as track diagrams, indicators, etc., on the top floor, the 
storage battery in a room by itself on the lower floor, and the 
charging apparatus on the same floor with the battety or in a 
bulling separate from the interlocking station. 
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Points to be Noted 

The design of the building should be such that the floors 
will be sufflcientlj' rigid to properly suj)port the machine. 

Wherever possible the general practice is to have the operat- 
ing room liberallj; supplied with windows to permit the operator 
to have a clear view of the tracks throughout the plant. 

It is highly desirable that the conduit^ or ducts provided for 
the runs of electrical conductors about the tower should be 



of sufficient capacity to have 25 per cent, spare space after 
all wiring is in place. 

No special foundations are required for the apparatus used 
in an electric plant, except when the charging generator is 
driven by an engine, in which case a substantial foun»lation 
should be provided for the engine so that the building will 
not be subjected to any vibration during its operation. 
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The interlocking battery usually consists of one set of 
storage cells having a potential of 110 volts. A second or 
duplicate battery is furnished on a few of the larger installa- 
tions to insure sufficient power for any possible emergency. 



The capacit)^ of the battery used should he based on the num- 
ber of function movements between battery charges and the 
current used for all auxiliary apparatus. 

The battery as usually installed comprises fifty-five lead 
tvpe storage cells. When long runs of conductors between 
tne battery and interlocking machine are necessary, one or 
more cells are sometimes added to the battery to compensate 
for the voltage drop which occurs in the conductors when- 
ever several switch functions are operated at the same time. 
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This may also be taken care of by using wires of larger carry- 
ing capacity than would otherwise be necessary. 

Low voltage batteries are frequently installed to operate 
annunciators, indicators, relays and electric locks, and occa- 
sionally to serve the track circuits of the interlocking plant. 
Operating the relays, indicators, etc.. from a low voltage 
battery usually proves more economical than to take current 
for that purpose from the main battery. 

CiLU»iiNG Apparatus 

The charong of the battery is generally accomplished by 

means of a shunt wound generator driven by an electric motor 

or gasoline engine. The generator should be capable of de- 



Fia. 18. G.R.S. D.C. Genehatoh 

livering the desired current at any voltage from 110 to 160, 
the current output being determined by the chaining rate 
recommended tor the batteries installed. In the event of the 
generator being used to supply current for l^hting, either 
regularly or in case of emereency, the additional capacity 
required for the purpose should not be overlooked. 

when the generator is located at some distance from the 
battery it is necessarv to take care of the volt^e drop due 
to the resistance of the charging circuit, either by increasing 
the size of the conductors or by using a generator having a 
Mdier voltage ratii^. 

Whenever current of suitable volt^e and from a reli- 
able source can be secured at reasonable rates, its use is rec- 
ommended. The motor-driven generator, referred to above, 
is usable with either alternating or direct current, the generator 
being shaft or belt connected to the motor as proves most 
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rectifier employed. 

Charging rheostats, having no moving parts, are the aimplest 
and most reliable of the different types of apparatus which can 
he UB«i in this work. They are, however, very much leas 
efficient than other batteiy charing devices, and therefore 
should not be used when the cost of^power is an item to be 
considered. 

Motor generator sets are compact, reliable and, furthermore, 
highly efficient. When used on this type of work, they can 
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be designed for operation on voltages as high as 550, the 
lower volt^es, however, being recommended as most satis- 
factory from the maintenance standpoint. 

Power Switchboard 

The power switchboard most frequently furnished (Fig. 
20) is arranged to control the chaining of one set of storage 
batteries from an engine driven generator, and in conjunction 
with the operating board to control the power delivered to the 
interlocking machme. 

It may be placed in any accessible portion in the power 
house, convenience in making the runs of electrical conductors 
between the power board, the charging apparatus and the 
battery being considered. 

The size and arrangement of the power board for different 
installations is determined by the method of chai^ng the 
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batteries, the number of sets and voltage of each battery, and 
whether or not the board is to control any electric letting 
which may be installed at the plant. If a motor generator 
set is to be controlled an additional panel for its starting device 
can be mounted on the switchboard frame. 

When the track circuits in the plant are operated from 



Standard Poweb Switchboa 



storage batteries orfrom tranatormera located in the interlocking 
station, it is customary to serve these track circuits through 
switches on the power board. 

On the switchboard shown in Fig. 20 are mounted a 
no-voltage, reverse-current circuit breaker, a field rheostat, a 
voltmeter, an ammeter, suitable switches, and the necessary 

The no-voltage, reverse-current circuit breaker, which is placed 
in the charging circuit between the generator and battery, is 
designed to open in case the voltage of the generator falls below 
that of the battery. By means of this arrangement the charging 
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of the b&ttery can be accomplished without the constant atten- 
tion of the maintainer, this permitting inspections to be made 
at such intervals as may be most convenient. 
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The rheostat connected in series with the generator field 
permits the generator volt^e to be accurately regulated. 

The voltmeter and ammeter are arranged to give readings on 
the charing or discharging circuits as desired. 

The simplified diagram (Fig. 22) shows the principles of 
the circuits used in connection with this board and clearly 
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illustrates the functions of the various devices essential to the 
power control. 

Operating Switchboard 

The operating switchboard shown in Figs. 24 and 25 is 
typical of those furnished where all functions in the plant are 
to be controlled through a single circuit breaker. When the 
plant is sectionalized tne board must be equipped with addi- 
tional circuit breakers, one being required for each section. 

The apparatus mounted on the board illustrated consists 
of the cross protection circuit breaker with its indicating red 
lamp, a polarized relay, a ground lamp and switch, a volt- 
meter ana an ammeter. A panel for lighting switches can be 
bolted to the switchboard frame when it is desired to control 
the lighting from this point. 
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Fig. 26. Simplified Circuits for Operating Switchboard 

Lettering of the cross protection circuit breaker contacts corresponds 
with the lettering used in Figs. 64 and 66. 



The cross protection circuit breaker, introduced into the 
power mains leading to the interlocking machine, is so controlled 
that in the event of current being improperly applied to the 
circuit of any function at rest, the circuit breaker will open 
and cut all power off from the system. The red lamp is 
arranged to be lighted at this time to call the leverman's atten- 
tion to the fact that the circuit breaker has opened. 

The design of the circuit breaker and its cover is such that 
it cannot be prevented from opening should a cross occur, 
nor can it be restored to its operating position except by means 
of the restoring handle. 

The simplified circuit (Fig. 26), in which is included only 
the apparatus essential to the circuit breaker control, shows 
the retaining magnet of the circuit breaker controlled through 
the polarized relay on the switchboard and those on the inter- 
locking machine m such a manner, that, should any of them 
reverse their position, the circuit breaker will immediately open. 
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The polarized relay on the switchboard is to guard against 
the effects of an accidental cross between the positive ^nd 
indication buss bars on the interlocking machine, the relav 
operating in the same manner as the polarized relays which 
protect tne various switch and signal functions. 

By means of the ground lamp and switch, the plant may be 
tested for positive and negative grounds. 

The voltmeter indicates the battery voltage at the terminals 
of the interlocking machine. 

The ammeter shows the current taken by the various func- 
tions when they are being operated. By observing this current 
reading the operating conditions of each function can be 
determined. This is particularly true of the switch functions, 
the need of oiling or adjustment being readily detected from 
the abnormal amount of current or length of time required for 
their operation. 



ELECTRIC INTERLOCKING MACHINES 
Interlocking Machines Control 

THE interlocking machine used with the G. R. S. eystem 
controls the movement of switch and sigoal functions 
through the medium of suitably interlocked levers, which 
with their euidea, indication magnets and circuit controllers, 
are mounted in the common frame as shown in F^. 27. 
General practice is to furnish an individtial lever for each signal 
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arm and for each switch function, except where two switches 
are to be operated together, in which case their levers are rigidly 
connected and operated as a unit. 

The de^gn of the machine and the controlling circuits ia 
such that the following features essential to safe operation are 
afforded: 

Fint — No lever can be moved from a given position if any 
other lever, mechanically interlocked therewith, is in such a 
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position that ita controlled function yill conflict with the 
function to be moved. Furthermore, due to the mechanical 
locking being of the preliminary type, before the given lever 
can be moved from its position, aJl these conflicting levers 
will be locked against movement until such time as it is proper 
for them to be released. 



Second — The full movement of any switch lever cannot be 
completed until the controlled function has moved to, and been 
locked in, the position corresponding with that of the lever. 
In the caae of a signal lever tnis correspondence of position la 
required only on the normal movement of the lever, which 
can be completed only after the signal arm has assumed 
the stop position. 



INTERLOCKING HANDBOOK 49 



Third — Each function when in a position of rest is pro- 
tected against any unauthorized operation which might otnei^ 
wise be accomplished tlirough current b«ing wron^ully 
applied to ita controlling circuits. 

In explaining the operation of the lever, its movement is 
considered aa being divided into three parta, the prelimi- 
nary, intermediate and final. In order that the reader may 
not be confused on account of the lever operation having 
previously been described as being performed in two move- 
ments (page 18), it is desired to point out that the pre- 



(See r.E. 32) 

liminary and intermediate part usually constitute one contin- 
uous movement, it being necessary to separate them, however, 
when considering the detail operation of the lever. 

The following description is based on the operation of the 
switch lever. Each ol these levers is provided with a cam 
slot, by means of which intermittent motion is transmitted to 
ita respective tappet bar and thence to the cross locking. In 
Fig. 30 the dotted circles 1 to 5 in the cam slot indicate the 
positions of the locking tappet roller which correspond with 
the like numbered position of contact block Z. In the pre- 
liminary movement of the lever from position 1 to 2, the 
locking tappet is moved through one-half of ita stroke, 
t locking all levers which conflict with the new 
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position of the lever in question ; in this movement no change 
whatsoever is made in the operating circuits. During tne 
intermediate part of the travel from positions 2 to 4, the tappet 
bar remains stationary and the contact block Z is moved out of 
engagement with springs YY and into contact with springs 
XX as shown in Fig. 31, this setting up the circuits for the 
operation of the function. The lever is held at this point, 
(position 4), through the mechanical design of the lever proper, 
until such time as the function having moved to a correspond- 
ing position, generates the dynamic indication current which 
effects the release of the lever and permits its movement to 
position 5. During this final movement from position 4 to 5, 
the stroke of the locking tappet is completed, thereby unlocking 
all levers which do not conflict with the new position of the 
operated lever. 

The method by which the lever is prevented from completing 
its stroke, until the controlled function has moved to a corre- 
sponding position and has sent in its indication, is illustrated 
by the following : in moving from positions 1 to 2 projection M 
on the lever coming against projection K on latch L, causes 
the latch to assume tne position shown in Fig. 31. This 
brings projection J on latch L into the path of tooth Q on the 
lever. In moving from position 2 to 4, tooth Q engages with 
cam N, rotating it to the position shown in Fig. 31. As it 
passes the central position (shown dotted in Fig. 31) it comes 
m contact with dog P which is forced under latch L, therebjr 
locking the latch L in the position assumed. The lever is 
stopped at position 4 bv tootn Q coming against projection J 
on latch L as previously explained. The indication current, 
by flowing through magnet I, lifts armature T which causes 
plunger R to strike dog P and trip it out from under latch L. 
The latch L then drops to the position shown in Fig. 30, 
thereby releasing the lever and permitting its final movement 
to be accomplished. 

The movement of the lever from reverse to normal is per- 
formed in a similar manner to that described above. Atten- 
tion is called to the fact that once the lever has been moved to, 
or beyond, position 3, it can neither be moved forward beyond 
position 4 nor back beyond position 2 without the receipt of 
an indication. 

The movement of the signal lever is identical with 
that of the switch lever except that no electrical indi- 
cation is required during the reverse movement, the lever not 
being checked at position 4 due to a change in the design 
of dog P, which is mechanically tripped at this point from 
under latch L by cam N. The mechanical locking insures that 
before a signal can be given for any route, that all switch and 
derail functions in the route are thrown to the proper posi- 
tions and locked in that position, and that all opposing signals 
are in the stop position. No changes can be made in the 
position of any of these functions until the lever, controlling 
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the signal displayed at proceed, has been replaced to its full 
normal position. 

The various functions are protected against unauthorized 
movement by means of the cross protection system, as de- 
scribed on page 89, the individual polarized relays which 
furnish this protection being mounted on the terminal board 
of the interlocking machine. All lever contacts which form a 
part of this cross protection scheme are used in the operation 
of the function, and hence are checked as to their integrity 
with every complete operation. 

Model 2 Unit Lever Type Interlocking Machine 

The description of the interlocking machine following is based 
on the Model 2 Unit Lever Type (Fig. 27) which is considered 
the standard machine. This machine is a development of the 
Model 2, still widely used, a cross section of this being illus- 
trated by Fig. 137. Modifications of the Unit Lever Type 
machine are shown by Figs. 32 and 138, the latter being 
furnished when more contacts are required for supplementary 
circuits than can be secured on the regular lever circuit con- 
troller. 

The standard machine essentially comprises the frame, the 
levers with their guides, indication magnets and circuit con- 
trollers, the locking plates and locking, the terminal board, 
and the machine caoinet. 

Frame. 

The frame work, which consists of a bed, supporting legs 
and brackets, is substantially constructed, thereby insuring 
that all inter-related mechanical parts are maintained in their 
proper relative positions. For machines having a capacity up 
to fprty-eight lever spaces, the bed is cast in one unit. Machines 
of over forty-eight levers are made up of various combinations 
of beds bolted together to give the required lever spaces. 

Locking Plates and Locking. 

The locking plates are securely attached to the front of the 
machine frame, being furnished in tiers to a maximum of 
three, the number depending upon the amount of locking 
required at each individual plant. A fourth tier can be 
fiunished when necessarv by using a special form of leg, 
which has sufficient heignt to accommodate the extra tier of 
plates. 

The locking plates are designed with vertical and horizontal 
slots, the locking tappets, one of which is attached to each 
lever, being fitted in the vertical slot directly beneath its 
respective lever. Movement is transmitted from the lever 
through the medium of the tappets to the cross locking, which 
slides back and forth in the horizontal slots of the locking 
plates. The dogs used in the cross locking can be furnished 
screwed or riveted to the locking strips, as desired. 
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Each tier of locking has eight of these horizontal slots, 
and each of these slots is capable of accooimocUting fovir 
lockinjg striifs, thus giving this type of locking bed a lai^e 
capacity as is indicated by the fact that the locking required 
for eittremely lai^e and complicated layoute has been readily 
accommodated in three tiers. In fact, it is a very rare 
occurrence that the fourth tier is ever required. 

By using locking of the vertical type no additional floor 
space is required beyond that ordinarily taken by the machine, 



no matter how many tiers are provided. This type of locking 
also permits ready access for infection or cleaning, or making 
any changes which may be required. 

Each lever with its guide, indication magnet, controllers, 
etc., comprises a complete unit in the interlocking machine. 
the design being such that the unit may be removed or replaced 
in the machine without moving the lever tappet from the 
normal position or disturbing adjacent levers in any way. The 
lever guide is jointly supported by the top edge of the locking 
plates and a longitudinal bar fastened to the brackets, the 
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circuit controllers being screwed to two other bars which are 
supported b^ this same bracket. 

The circmt controller with which each lever is equipped can 
be provided with a maximum of five tiers of contacts, con- 
trolling five normal and five reverse independent circuits, which 
affords more contacts than are ordinarily desired for supple- 
mentary circuits. 

The space required for each unit is but two inches, this 
permitting the complete machine to occupy less space length- 
wise than other existing t^es of interlocking macnines, either 
power or mechanical, having the same lever capacity. 

Lamp Case and Number Plate. 

The combined lamp case and number plate is mounted above 
each lever, its base being attached to a plate screwed to the top 
of the lever guide, and its top to the cabinet frame. The num- 
ber plate is designed to lie at an angle which renders it readily 
visible to the operator when manipulating the levers. Bulbs 
and sockets are furnished only for such levers as may be 
specified, generally being used in conjunction with some type 
of electric locking to give an indication as to whether the lever 
may be moved or not. If desired, a double lamp case can be 
furnished to give two separate indications. 

Terminal Board. 

The slate terminal board is securely attached to the brackets 
on the rear of the machine. On this board are mounted the 
switch and signal buss bars, the individual polarized relays, 
fuses for the operating circuits, and the terminal posts for all 
wires which form a part of any of the interlocking machine 
circuits. The wires running from the binding posts to the 
various contacts, etc., in the machine are made up as formed 
leads, thus presenting a neat and uniform appearance; it also 
simplifies any ''connecting up'' incidental to the field installa- 
tion of additional levers to the machine. 

All fuses and terminal posts on the board are located directly 
beneath their respective levers, the terminal posts being 
lettered in correspondence with the circuit plan to indicate 
the wires which are to be attached to each post. 

Polarized Relay. 

The polarized relay which is illustrated by Fig. 36 is 
mounted on the terminal board directly beneath its lever. 
It is provided with a soft iron core which lies lengthwise between 
the poles of a permanent ma^et, the design bein^ such that 
current passing in one direction through a winding on the 
soft iron core, tends to hold the relay armature normal and 
contact closed, while current in the opposite direction imme- 
diately reverses the armature and thereby causes the contact 
to open. An extension of the armature is provided for con- 
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venience in replacing it to the normal position should it for 
any cause be reversed- 

Indication Selectors. 

The indication selectors, one of which is used in connec- 
tion with each switch function, are mounted on a shdf sup- 
ported by a bracket on the rear of the interlocking machine. 
The selector is simple in design, consisting of two electro 
magnets and a contacting armature which throws in one 
direction when the lever is reversed and in the other when the 
lever is put normal. 




Fio. 36. Polarized Relay 

Interlocking Machine Accessories 

Lever Locks, 

The electric lever lock, illustrated by Fig. 35, may be 
applied to any lever in the machine, its winding being designed 
for operation on direct or alternating current. The lock is 
designed to be mounted on the top of the lever guide, locking 
the lever in any required position by means of a solenoid 
plunger, which, when the lock is de-energized, drops into a 
notch cut on the top of the lever. These notches may be 
arranged so that the lever will be locked in any position as 
required by the electric locking circuits used at the plant. 
The circuitr for the lock coil is broken through a contact spring 
actuated by the lever latch, the lock therefore not consuming 
energy except when lever is to be moved. 

Mechanical Time Release, 

The mechanical time release furnished with the G. R. S. 
interlocking is illustrated by Fig. 37, and the method of its 
application to the machine by Fig. 38. It is used in connec- 
tion with electric locking circuits to effect the release of a 
route in case of emergency, this being accomplished by manipu- 
lating the release to its iiill reverse position, at which point a 
contact is closed to pick up a stick relay, energize a lever lock, 
etc. The first movement of the device towards the reverse 
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position, liowever. meclianically locks, in tlieir given positions 
the levers controlling all functions in the route, this necessitat- 
ing that the release be returned to its normal position before 
the route can be changed. The operation of the . alease to the 
reverse position and back to the normal position affords a 
time interval of about two n ' ' 




SWITCH OPERATING MECHANISMS 
Switch Machine Control 

SWITCH and derail functions in the G. R. S. system are 
operated by switch and lock movements, driven by series 
wound direct current motors. 

These switch mechanisms, each of which is under the con- 
trol of a lever in the interlocking machine, require for their 
operation two wires only, one being used for the normal 
and the other for the reverse operation. These same wires 
are used for indicating purposes, the normal control wire being 
used for the reverse indication and the reverse control for the 
normal indication. The circuit is connected to main common 
at the switch location. 

When the lever is moved to a position to cause the operation 
of the switch mechanism (see dotted position of lever con- 
tacts in Fig. 39), current is taken from the positive buss 
bar through the safety magnet, indication selector, lever 
contacts and the control wire, through the switch motor 
and to common. This causes the desired movement of 
the switch machine, which performs the following functions in 
the order given : 

First — The detector bar is raised and the switch unlocked. 

Second — The switch points thrown. 

Third — The switch points locked and the bar lowered. 

Fourth and Lastly — Current is cut off from the motor, and 
the terminals of the motor armature reversed for indication 
purposes, this leaving the motor properly connected for the 
next movement. 

The motor is now on a closed circuit which includes the 
indication magnet. Due to the momentum acquired during 
the switch operation, the motor armature continues on seversd 
revolutions for the generation of the momentary current 
which energizes the indication magnet and thereby permits 
the final movement of the lever to be completed. 

The operation of the switch machine in the opposite direc- 
tion is accomplished in the same manner as described above. 

The changing of the motor connections at the end of the 
switch operation is effected by the mechanical shifting of the 
contact olock in the pole cnanger (Figs. 42 and 46). In 
addition to being mechanically operated, this contact block is 
under the control of two sets of solenoid magnets, so that 
should the switch fail to complete its movement the controlling 
lever may be shifted, and, through the energizing of one 
set of the magnets, cause the pole changer to set up the circuit 
for the operation of the switch in the opposite direction. 
This places the mechanism so under the control of the lever- 
man that should the switch points be blocked with snow, ice, 
etc., the points may be worked back and forth, frequently 
dislodging the obstruction, thereby permitting the desired 
movement of the switch to be completed. 
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judication magnet with the indication magnet armature resting 
on its poles, some distance from the poles of the indication 
mi^net. The aafetv maenet coils are so connected in the 
operating circuit that tne whole operating current flows 
through them, hence any current flowing through the indica- 
tion magnet, due to a cross between the control wires ot the 
function, cannot exceed the current through the safety magnet. 
The winding of the safety magnet is proportioned bo that in 
conjunction with the above two features, the indication mag- 
net armature cannot be lifted by current resulting from a 
cross as stated above. 



From the time when the lever is moved to the new operating 
position until the movement ot the switch machine is com- 
pleted, the indication selector further insures against the pos- 
sible receipt of any improper indication, being so connected 
that the operating current will attract its armature and close 
the contact for the reverse indication only when the lever is 
moved reverse, and the contact for the normal indication 
when the lever is moved normal. It should be noted that 
both the indication selector and safety magnet coila are con- 
nected in series with the control circuit, therefore if the cu-- 
euit through them is not intact, operation o( the function will 
be prevented. 

When th 
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tion, current ceases to flow through the safety magnet. There- 
fore the armature of the indication magnet is no longer held 
down, this permitting the indication to be effectM upon 
receipt of the dynamic current generated by the motor. 

The mechanism is now at rest protected against any unau- 
thorised movement in the same manner as before the con- 
trolling lever was reversed. 

Owing to the design of the operating circuits, the magnetic 



control of the pole changer prevents the switch from being 
moved by hand from the position occupied, except through 
breaking the operating circuits by some such means as re- 
moving the motor brushes. If this is done and the machine 
moved to a position not corresponding with that of its con- 
trolling lever, upon the replacement of the brushes, the switch 
will immediately assume its proper position. Manipulation 
ot the pole changer by hand will not cause movement of the 
switch out of correspondence with its lever. 
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Model 2 Switch Machine 

The Model 2 switch machine, illustrated by Fig. 43, eon- 
aists of the motor, gearing, lock movement and the pole changer 
with its actuating movement. The gear frame and locking 
movement are securely bolted to a tie plate as shown, to 
which plate the stock rails are also securely attached, thus 
rigidly maintaining all parts of the switch machine in their 
proper relation to each other and to the rail. 

Movement ia transmitted to the various switch parts by the 
motor through a train of spur gears. 




The locking plunger I and detector bar are actuated through 
the lock crank H and the driving rod G, this latter being 
directly connected to the stud F on the main gear D,. It will 
be seen that a train occupying the track, in preventing the 
initial movement of the detector bar, would make impossible 
the withdrawal of the lock plunger from the throw and lock 
rods, and therefore prevent any movement of the switch 
points. 

The switch points are thrown by the rod J and the cam 
crank E due to the stud F on the main gear engaging with the 

The operation of the pole changer B is effected through the 
medium of the pole cfenger movement L by the last one- 
eighth inch movement of the lock plunger I after it has passed 
through the lock rod K (Fig. 146). 
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The design of the mechanism is such as to allow the switch 
motor A, due to its acquired momentum, to continue its rota- 
tion for the generation of the indication, which checks the 
speed of the motor and brings it to rest without shock. 

A friction clutch C ia introduced into the connection between 
the switch motor and the main gear to relieve the switch 
mechanism from any injurious strain should it suddenly be 
brought to stop by an obstruction in the switch points. 

Model 4 Switch Machine 

The Model 4 switch machine shown in Fig. 44, is desired 

with all operating parts within one case, and is especially 

adapted for installation where clearances are limited. The 



case, which affords complete protection against the weather, 
provides a base plate for the mechanism, being bolted through 
the tie plate to tee head block and the next tie back (Fig. 149). 
The operating parts consist of the motor A, a train of spur 
gears, the mam or cam gear D, the pole changer M, the throw 
rod J and locking bar F. 

The motor through the medium of the train of gears drives 
the cam gear, from which gear the various parts of the switch 
machine are operated. 

The intermittent movement of the lockine bar and detector 
bar is accomplished by the engagement of rollera on the locking 
bar with the cam slot on the upper side of the main gear. 
Staggered locking is provided by the arrangement of the dogs 
on ^e locking bar, tnese dogs being olaced so that after one 
dog has been withdrawn to release tne lock rod, the switch 
points must be moved to the opposite position before the other 
dog can enter its slot in the lock rod. The throw rod is locked 
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in both extreme positions of the switch by a. bolt operated 
from the cam movement. 

The switch points are thrown at the proper time by a roller 
on the lower side of the main gear engagii^ a jaw in the 
throw rod. 

The principles of the pole change movement are essen- 
tially the same as in the Mode] 2 switch machine, althowh the 
mechanical method of effecting this action is accomplished 
through the main gear movement and locking bar, instead of 



Et MODBL 4 SWFTCH MACH 



through the pole ehancer movement and locking 



g plunger a. 
;ea from trip 



n N which engages at the proper time with a cam either oi 
upper or lower surface of tne main gear D, depending on the 
direction of travel of the mechanism. The tripper arm is 
placed in a position to engage with the proper cam only after 
the switch has been locked in position at the end of its move> 
ment. This is accomplished through the medium of cranks 
Ti and T,. a roller U on the latter working in a cam slot on the 
locking rod F,. The contact arm V (which corresponds with 
the commutator T on the Model 2 pole changer, Fig. 42) is 
operated by this same crank movement. 
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The cam gear is designed to permit a free run of the motor 
at the end of the operation of the mechaninn for the purpose 
of generatii^ a strong and noaitive indication current. 

A friction clutch, designed with large surfaces and lined with 
fibre, is provided to protect the meci^niam from shock, should 
ita movements be obstructed. 

A switch circuit controller can be furnished if desired, 
located within the mechanism case at the point indicated by 
letter O. The operating part consists of a frame carrying 
contact fingers and a cylindrical commutator W upon which 
are mounted contact s^ments. As the switch is unlocked, a 
diseng^ng arm X with roller Y working in a cam slot on the 
locking oar Fi, lowers the commutator out of engagement with 
the contact sprites. During the movement of the switch 
points, the commutator is rotated on its axis through motion 



Fio. 47. Switch Circuit Costhollbb roa Model i Switch Machine 

transmitted from the switch points b^ means of a crank con- 
nection, a sector (not shown) and pmions Z, and Z,. After 
the points are locked in position the commutator is raised into 
engagement with the contact Angers by the engaging arm and 
cam slot movement. It will be seen that this control insures 
the switch points are in position and locked in position before 
the switch circuit controller can be closed. The maximum 
capacity of the controller is ten independent circuits, the con- 
tacts being adjustable in pairs to close as , desired at the 
normal or reverse positions of the switch. 

The switch mechanism can be used right or left handed 
without change, as the lock and throw rodS may be connected 
from either side. A double locking cage is furnished when the 
machine is to operate a double slip switch or movable point 
frc^, thus avoidmg the necessity of using a plunger lock with its 
special connections otherwise required for the second lock rod. 

All parts are assembled in the factory and tested before 
shipment under conditions approximating as nearly as possible 
the service to be given the machine after installation. 



MOTOR DRIVEN SIGNAL MECHANISMS 

MOTOR driven signals in the G. R. S. system of electric 
interlocking are operated by mechanisms in which a 
series wound motor is directly connected to the sema- 
phore shaft through the medium of low reduction gearing. No 
dash-pot or electro-mechanical slot is required for this type of 
signal. The mechanism is applicable for use as a hign or 
dwarf signal. 

The mechanisms furnished are of two types: 

First, the non-automatic, which is entirely under the control 
of a lever in the interlocking machine. Generally speaking, 
this type is furnished for dwarf signals, and for such high 
signals as will at no time require track circuit control. 

Second, the semi-automatic, which is operated under the 
joint control of a lever in the interlocking machine and the 
track circuits in such sections of track as are governed by the 
signal arm. The semi-automatic mechanism is also furnished 
for non-automatic high signals when there is a possibility of 
the signal arm being controlled by track circuits at some future 
time, or in case it is desired to Kiave uniformity in the type of 
mechanism throughout the installation. 

Either of the above types can be adapted for operation in 
two or three positions, upper or lower quadrant, and to give 
right or left hand indications as desired. 

In the two position non-automatic signals, but one wire 
besides the main common is required for its control, this wire 
bein^ used both for operating and indicating purposes. When 
the signal is to operate in three positions an additional control 
wire is required. In the case of semi-automatic, control, an 
additional wire may or may not be required, depending entirely 
upon the arrangement of the track circuits in the route governed 
by the signal arm. 

Non-Automatic Signal Control 

The following description of the signal operation is based 
on the circuit shown in Fig. 48 which is for tne control of the 
two position non-automatic signal mechanism. 

Upon reversal of the controlling lever current is taken 
from the positive buss bar through the lever contacts, the 
control wire, the operating field and armature of the signal 
motor, and thence to common through the various switch 
circuit controllers as required. This causes the movement of 
the blade from stop to the proceed position, upon the com- 
pletion of which movement circuit breaker contact B opens 
and A closes, this connecting the holding field of the motor in 
series with the operating field and armature. The design of 
the pole pieces on which the holding field windings are mounted, 
is such that, the magnetic flux, thrown across the air gap 
between the motor armature and the pole pieces, magnetically 
locks the armature against rotation and thereby retains the 
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mechanism and brings it to rest without shock to any of its 
parts. 

In the case of the three position signal, operation from the 
zero degree position to the fortjr-five degree position is the 
same as described above. Operation from this point on to the 
ninety degree position is ordinarily dependent upon the signal 
in advance, it being necessary however that the controlling 
lever be reversed before movement of the mechanism can take 
place. The mechanism is held in its ninety degree position 
through the medium of the holding fields in the same manner as 
in the forty-five degree position. When the signal arm is re- 
turning from the ninety degree position and is to be held at 
the forty-five degree position, its movement is arrested at that 
point by short circuiting a " snubbing " winding on the motor 
(winding and contact not shown in Fig. 48), which causes a 
momentary current to flow in this winding, thereby bringing 
the mechanism parts to rest. The semaphore arm is retained 
in this position oy current flowing through the retaining fields 
of the motor, as previously explained. 



i. 



Semi-Automatic Signal Control 

When it is desired to have the signal controlled semi-auto- 
matically, the operation differs from that described above 
in that the first forty degree movement of the mechanism 
from the normal position does not affect the position of the 
signal arm, but puts under tension a set of coif springs which 
are strong enougn to rotate the motor on the return movement 
with sufficient speed to generate the current for energizing 
the indication magnet on the lever. This preliminary move- 
ment of the mechanism is always under the control of the 
operating lever irrespective of whether the track circuit is 
occupied or not, the receipt of the indication therefore not 
requiring the restoration or the lever to the normal position 
simultaneous with the entrance of a train into the controlling 
track section. Any movement of the mechanism beyond this 
point, however, is dependent upon the track circuit being 
unoccupied. 

Referring to the circuit for the two position semi-auto- 
matic signal as shown in Fig. 49, it will be seen that upon 
reversal of the controlling lever current is taken from the 
positive buss bar through the lever contacts, the control 
wire, the signal motor operating field and armature and thence 
to common. This causes the operation of the mechanism 
through its preliminary forty degree movement to the 
zero degree position, at which point the mechanism will 
be held against the tension of the coil springs, in the event 
of the track circuit being occupied; this is accomplished by 
circuit breaker contact B^ opening and Ai closing which 
connects the holding fields m series with the operating fields 
and armature of the signal motor. Should the track circuit 
be unoccupied, the mechanism will not stop at this point but 
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time as its lever may be reversed; thecontrol is so arranged that 
a second clearing of the signal arm can be secured only after the 
mechanism has ceen returned to its mimis forty (—40) degree 
poMtion. When the lever is restored normal, energy is cut off 
. from the motor and the mechanism, due to the tendon oF 
the coil springs, is driven to its minus forty (—40) degree 
position; just before reaching this position circuit breaker 
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contact Bi closes, thus connecting the motor armature and 
operating field in their original closed circuit in which is 
included the indication magnet. Due to the momentum of 
the motor armature acouired during this movement, the motor 
(now a generator) builas up the momentary dynamic current 
necessary to enex^ze the indication magnet and release the 
lever, thereby permitting it to be restored to its full normal 
portion. 
Should the controlling lever be placed normal before the 
' a train into the controlling track section, the sigtkal 
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arm and mechanism returns to the zero degree or atop 
portion, and the mechanism continues its rotation to the 
minus forty (—40) degree position due to the action of the 
indication aprings; when within a few degrees of the end of its 
travel, the dynamic indication for the release of the controlling 
lever is generated aa described above. 



It will be seen that the operation of the signal mechanism 
proper, from the time the signal blade begins its movement 
toward the proceed position until its return to the stop posi- 
tion, is the same as that of the non-automatic signal, the 
indication springs being in no way depended upon to brii^ the 
signal arm to the stop position. This aame s^tement applies 
also to three position operation of the semi'^utomatic 
mechanism. 
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Model 2A Non-Automatic Signal Mechanism 

The non-automatic signal mechanism (Fig. 52) consists 
essentially of three main parts, the motor, a train of gears 
and the circuit breaker. These are all housed in a weather 
proof case, which is provided with doors to give convenient 
access to all parts. 

When the mechanism is used for the operation of high 
signals, it is fastened to a clamp bearing (Fig. 54) which 
carries the semaphore shaft S, the design of this bearing 

Eermitting the mechanism to be supported at any desired 
eight on the signal mast and at any angle to the track. The 
bearing is equipi)ed with a spring stop P, which besides acting 
as a buffer permits the close adjustment of the signal blade in 
its stop position. A universal coupling Li, L,, L3 introduced 
between the driving shaft .J and semaphore shaft S, lends 
itself to a simple means of locking the signal arm in the stop 
position in such a way as to prevent improper operation of 
the signal by any outside agency. 

When the signal mechanism is to be used for the operation 
of a dwarf signal, it is bolted to a stand (Fig. 55) carndng 
the spectacle shaft T and provided with springs Ui and Uo 
which are for the purpose of giving sufficient returning torque 
to the dwarf signal arm to cause it to assume the stop position 
when the current holding it at proceed is cut off. This is 
necessary since the dwarf signal arm cannot be readily designed 
to have sufficient weight so that gravity can be depended upon 
for returning it to the stop position. The complete dwarf 
mechanism takes up but little room which permits it to be 
installed where clearances are limited, as is illustrated by 
Fig. 202. 

The motor A used in the signal mechanism is of the four 
pole type, two of these poles being modified in such a man- 
ner as to permit the motor armature to constitute the means for 
holding the signal arm in the proceed positions. This modified 
design consists of serrating the surfaces of these two poles, 
so that when the holding field windings are energized, a dense 
magnetic flux will flow across the air gap between the pole 
pieces and the motor armature in such a manner as to pre- 
vent rotation of the armature, and, consequently, movement 
of the signal blade. Owing to the high resistance of these 
windings the amount of current used for the purpose is re- 
duced to a minimum. The "snubbing" winding previously 
referred to is entirely independent from the operating wind- 
ings of the motor, its function being to check the speed of the 
motor when it is desired to hold the signal arm in the forty- 
five degree position. 

A fnction clutch is introduced between the motor A and 
its driving pinion C to insure that no undue strain whatsoever 
will be transmitted to the mechanism gearing. 

The gearing is designed with heavy teeth and large clear- 
ances as shown by Fig. 53, this latter insuring that the 
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mechanisms will run freely in either direction and that no 
ordinary obstructions such as dirt, cinders, waste, etc., will 
interfere with its movement; only five foot pounds at the 
semaphore shaft are required to run the mechanism back to 
its normal position. 




Fig. 



/)3. Diagram Illustrating (Jkarino Clearance 
IN Model 2A Signal Mkchanism 
Scale, full size. 



The circuit breaker B is a complete unit operated from the 
main driving shaft J by means of the segmental gears K, 
and Kg. It consists of a frame carrying contact fingers and 
a revolving commutator on which are mounted contect seg- 
ments as required. The circuit breaker has a maximum 
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capacity ot fourteen circuits, such contacts as are used to 
control operating and indicating circuits being arranged to 
be quick acting, "snapping" over from one position to the 
other at the proper preaetermined time. Each contact finger 
ig provided with convenient means of adjuBtment, and oy 
means of a locking finger is positively protected again acci- 
dental displacement. 
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Model 2A Sbmi-Automatic Signal Mechanism 
The semi-automatic s^nal mechanism (Fig. 56) consists 
essentially, as does the non-automatic mechanism, of a motor, 
a train of ^ears and circuit brealier, with the addition, however, 
of the spring attachment which is used to produce rotation of 
the motor armature for indication purposes after the signal 
arm has reached the stop position. These parts are enclosed 
in a weather proof case similar in construction to that used for 



Fio. ST. Model 2A Seui- Automatic Siqnal 

the non-automatic signal, the design permitting the mechanism 
to be fastened to a clamp bearing for mounting on hi^h s^nal 
masta or used in connection with a stand for operation as a 

The motor, train of gears and circuit breaker are essentially 
the Hame as those described above, it being therefore only 
necessary to touch upon the design of the indication spring 
attachment and the universal coupling, these being the only 
points in which this signal is radically different from the non- 
automatic previously described. 

The initial free movement of the mechanism is accomplished 
by having one shoulder of the couplii^ L, so cut away that 
a forty degree rotation of the driving shaft J ia necessary 
before it will engage with the semaphore shaft S, this movement 
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as previously mentioned putting under tension the pair of coil 
springs Ni and N^. 

Fig. 58 shows diagramatically this spring attachment and the 
manner in which the springs Nj and Na are put under tension ; 
it will be noted that tne two coil springs are connected to the 
driving shaft J by means of an eqiializer O and a curved link 



,^ Lost motion bc+rtQen 
^ Sector H and Spectacle 

Sector operd^d by motor 
through train of 9edr5. 






FiQ. 58. Diagram Showing Operation op Spring Attachment usbd 
IN Model 2A Semi-Automatic Signal Mechanism 

M, one end of which is fastened to the main sector H on 
the driving shaft J. As is clearly illustrated by the various 
positions of the device the design is such that the springs do 
not exert any torque on the mechanism after the blade has 
moved a few degrees from the stop position; therefore it is 
plain that the springs are in no way depended upon for the 
restoration of the .blade to the normal position. 
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SOLENOID DWARF SIGNAL MECHANISMS 

SOLENOID dwarf s^naU iised in the G. R. S. system ore 
designed to opraate in two positions, upper or lower 
quadrant, with a torty-five, sixty or ninety degree travel 
of the arm. Two seta of magnet windings are provided, 
which consist of operating coils of low resistance and holdii^ 
coils of high resistance. The movement of the solenoid 
magnet plungers is transmitted by means of suitable con- 
nection to the dwarf spectacle. 



Tio. G9. Model 2 Solenoid I>wabf Sional 

Dwarf Signal Control 

Each of these mechanisms requires for its operation a con- 
trol wire, and since it is impracticable to secure a dynamic 
indication from a si^al of the solenoid type, an additional 
wire is required for indication purposes. Tae circuit is con- 
nected to main common either at the dwarf location or 
through contacts on switch circuit controllers when required. 

Upon reversal of the controlling lever {Fig. 60), current is 
taken from the positive buss bar through the lever contacts, 
the control wire, and the solenoid operating coils A, and A, 
to common. This causes movement of the signal arm from the 
stop to the proceed position. As the arm reaches the pro- 
ceed position, the circuit breaker contact C opens, which 
connects the high resistance holding coils B, and B, in series 
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which, in addition to supporting the mechaniam, is designed 
to carry the dwarf spectacle shift. A hinged cover on the 
topof the case gives convenient access to the mechanism. 

The movement of the yoke F connecting the solenoid plune- 
era E, and Ej, ia transmitted tlirough the medium of the rack 
G and pinion H to the crank J, and thence by means of the 
connecting rod (not shown) to the dwarf spectacle shaft. 

When in the stop position the signal arm cannot be moved 
by any outside agency, due to the cranlt J being "on center" 
at that point. 
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The circuits for the control of the mechanism are broiten 
through pairs of springs which make contact at the proper 
time with metal pieces, fastened to a commutator mounted 
upon the same shaft as the pinion H. The operating contact 
C is designed to hold its circuit closed throughout the move- 
ment until the blade has assumed the proceed position. The 
indicating contact D is closed only when the blade is in the 
stop position. 
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Model 3 Dwahp Signal Mechanism 
The Model 3 dwarf signal mechanism (Fig. 63) consiaU of 
the solenoid magnets and an operating rod which ia directly 
connected to the dwarf spectai^le shaft. This mechanism is 
mounted in a case which is designed to carry the dwarf spec- 
tacle shaft and is provided with a sliding cover to permit 
ready access to the operating parts. 

The operation of the mectmnism is similar in principle to 
that of the Model 2 dwarf except that the movement of the 
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m^net plungers E, and Bi is transmitted directly to the 
spectacle shaft through the operating rod G. a roller H on the 
operating rod working in an escapement crank (not shown) 
on the semaphore shaft. The design is such that when the 
signal is in its normal position, the arm is locked against 
movement from the outside. 

The overall dimensions of the signal are such as to allow its 
location where the available clearances will not permit the 
use of the Model 2 dwarf signal. 

The circuit breaker contacts consist of pairs of springs 
which are bridged by contact rollers, actuated by the oper- 
ating rod G. In the case of the indicating contact D and 
spare contact J, the contact rollers arc fastened to and 
move with the operating rod, the design causing the cr-" — 
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to open with the first movement of the arm towards the pro- 
ceed position. The roller for the operating contact C ia car- 
ried by an arm, which is raised by engagement with a collar 
on the operating rod, when the dwarf spectacle has assumed 
the proceed position. 
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CROSS PROTECTION APPARATUS 

Principles of G. R. S. Cross Protection 

THE G. R. S. cross protection system prevents the unau- 
thorized movement of any switch, signal, or other func- 
tion, in the event of current being improperly applied to 
its circuit, by the cutting off all energy from the function. 

As briefly outlined in the pages on the "G. R. S. Electric 
Interlocking System," it has been seen that all functions 
while at rest are normally on a closed circuit of low resistance; 
that inserted in each of these circuits and located on the ter- 
minal board of the interlocking machine, is a polarized relay 
of very low resistance connected in such a manner that all 
ciuTents, caused to flow through the circuit by the manipu- 
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Fig. 65. Simplified Circuit Showing the Principles of the 
G. R. S. Cross Protection System 

All functions when at rest are on closed circuit as shown by function C. 
All normal currents will flow through the polarized relay B in the direction 
indicated by the heavy arrows, but all currents due to a cross in the oppo- 
site direction as indicated by the dotted arrows. Hence current supplied 
through a cross X will open polarized relay B, which will cause circuit 
breaker A to open and thus cut current off the system. 



lation of the lever, must pass through the relay in a direction 
to maintain its contact closed, while all currents which may 
be applied throiigh any other channel must pass through this 
relay in a direction to cause it to open its contact; and that 
this operation breaks the control circuit of the cross protec- 
tion circuit breaker, causing it to open and cut power off that 
section of the system affected, thereby preventing the unauthor- 
ized movement of the function. The principles involved will be 
made evident by reference to Fig. 65, from which circuit has 
been eliminated all detail connections, contacts, etc., only 
such parts being ^own as are essential to the explanation. 

In Fig. 64 there is shown in full circuit detail all apparatus 
and' contacts pertaining to a switch function, a signal function, 
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and the system of cross protection. By tracing out these 
circuits it will be found that the circuit conditions as shown 
in Fig. 65 exist and afford the protection claimed. 

Operation of the Cross Protection Circuit Breaker 

The circuit breaker construction and its manipulation are 
clearly illustrated by Fig. 66, the position in Fig. 66C cor- 
responding with that of the circuit breaker in Fig. 64. The 
various parts of the circuit breaker which make contact with 
each other are indicated by similar letters. 

It has been shown that current applied from an unauthor- 
ized source to the circuit of a function at rest, causes the 
polarized relay in that function's circuit to open its contact 
and interrupt the circuit through the retaining magnet of the 
cross protection circuit breaker. When this occurs the cir- 
cuit breaker armature is released and the Z contacts are 
opened, the armature falling to such a position (Fig. 66A) 
that it cannot be drawn up against the pole pieces by the 
magnetic pull which will be exerted when the retaining magnet 
is again energized through the restoration of the polarized 
relay armature. To inform the leverman that the circuit 
breaker is open, a red lamp is lighted by the closing of the Y 
contacts. 

With the circuit breaker open as in Fig. 66A, the positive 
and negative feeder wires between the battery and the inter- 
locking system are opened at the Z contacts, therefore the 
cross can have no effect. The polarized relay which had its 
armature reversed will identify the function affected and, upon 
the cause of the trouble being removed, the armature of this 
polarized relay will remain in its normal position, when re- 
placed by the operator. This will cause the retaining magnet 
of the cross protection circuit breaker to be energized, and, 
by raising the restoring handle to the position shown in Fig. 
66B the circuit breaker armature is restored to its operating 
position where it will be retained by the circuit breaker magnet. 
Thds action closes the Z contacts, but at the same time opens 
the X contacts, through which contacts are also broken the 
positive and negative feeder wires, this preventing the appli- 
cation of current to all functions controlled by the circuit 
breaker until the restoring handle is returned to its normal 
position. The red light is extinguished when the circuit 
breaker armature is restored. 

Figs. 24 and 25 illustrate a typical operating switchboard, 
one view showing the cross protection circuit breaker exposed 
and the other with its cover in place. It will be noted that 
the only portion of the circuit breaker which is accessible to 
the leverman is the restoring handle projecting from the slot 
at the bottom of the cover. A shield attached to this handle 
closes this slot when the handle is in the normal position, 
thereby protecting the internal parts against manipulation in 
any way except by means of the restoring handle. As 
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explained above, so long as the handle ia held in a position to 
interfere with the release of the contacta normally retained by 
the maenet (Fig. 66B), energy ia withheld from all functions 
under tne control of the circuit breaker. These features make 
the crosa protection system fully effective at all times, even 
though force of circumstances may require its being temporarily 
under the charge of unskilled employees. 

When it is desired to retain such signals in the proceed 

Eosition as may be occupying that position when the circuit 
reaker opens, resistance units R andRi {shown dotted in Fig. 
64) are connected so aa to bridge the X and Z contacts, these 
units permitting the flow of an amount of current sufficient to 
hold a limited number of signals at proceed. Their resistance 
is so high, however, that tne mechanism requiring the least 



current for its operation cannot be put in motion if energy 
should be applied to its circuit when the circuit breaker is open. 
The resistance units are shown in position on the operating 
switchboard in Fig. 24. 

The Polarized Relays 

The polarized relay inserted in the indication circuit of 
each of the operated functions, and mounted on the terminal 
board of the mterlocking machine, is shown in Fig. 67. The 
windings are so designed that the armature of the relay for 
a switch, signal, etc., will reverse on about one-half the current 
required to just move that function of the same type which 
requires the least current for its operation. FVom this it will 
be seen that the windings of the polarized relays used with 
different types of functions have different resistances. 

On the switchboard there is shown in Fig. 24 a polarized 
relay similar to those mounted on the interlockinz machine, 
the position of this relay in the circuit (Fig. 64) being indi- 
cated by the letter "A." This relay guards against crosses 
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between the buss bars on the interlocking machine, such as 
might be accidently caused by the maintainer's tools when 
he is working about the machine. From the position of the 
relay in the circuit, it will be seen that any current reaching 
the indication buss bar through such a cross will flow in the 
direction opposite to that of the indication currents, this 
causing the relay to reverse its contact in the same manner as 
the polarized relays previously described. Since the relay on 
the switchboard is common to all circuits, its winding is 
designed to render it much less sensitive than those on the 
interlocking machine. 

Safeguards 

To show that the system in addition to being extremely 
simple, is also fully safeguarded, the following points are 
mentioned : 

First — The closed circuit principle is employed for all 
parts of the cross protection system. 

Second — All contacts or connections depended upon for 

Protection against crosses are also used in operation and, 
ence, are checked as to their integrity every time a complete 
operation of a function is made. 

Third — The polarized relay contact, in addition to opening 
on a reversed direction of ciurent, will also open upon loss of 
magnetism in the permanent magnet of the relay. 

Fourth — An open circuit in the polarized relay prevents 
indication. 

Sectionalizing of Plants 

In connection with a comparatively simple track layout, it 
is common practice to install only one cross protection circuit 
breaker, which prevents the movement of all functions during 
such time as it may be open. At busy plants having a large 
number of routes which can be used simultaneously, it may be 
considered undesirable to have the whole plant affected by 
derangement at a single point, in which case the plant may 
be divided into sections, the functions in each section being 
controlled through separate circuit breakers. This permits 
uninterrupted operation of traffic through the sections not 
directly affected. 

In addition to the cross protection circuit breakers required, 
it is necessary to install switchboard polarized relays and also 
common return wires for each section m the interlocking plant. 
The positive buss bar and indication buss bar must be divided 
to correspond with the sectional division of the functions. It 
is essential that there be no connections between the various 
buss bars or the common return wires, except where they 
join the energy mains from the battery, under the protection 
of their respective cross protection circuit breakers. 

There may be certain situations where conditions will 
warrant the additional expense of employing individual cross 
protection circuit breakers for each switcn and each group of 
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signals. This would mean that a cross applied to a given 
switch, for example, would merely make that particular func- 
tion inoperative without interfering with any of the other 
functions. The use of individual cross protection circuit 
breakers requires the running of a separate return wire for 
each of the functions or groups of functions concerned, and 
di^enses with the main common previously mentioned. 

The device (Fig. 68) employed for this purpose consists of 
a modified form of the regular polarized relay, provided with 
suitable contacts and a restoring handle. The contact pres- 
sure is increased over that of the regular polarized relay, at the 
same time retaining the relay's sensitiveness to reverse currents, 
the contacts are heavier in design, and the iron in the ma^et 
is so distributed that a powerful magnetic blowout is obtamed 
which effectually extinguishes any arc resulting from currents 
flowing through the contacts at the time of their opening. 
The principles involved in the making and breaking of the 
circuits, and in the restoration of the relay armature to the 
operating position after having been reversed, are similar to 
tnose of tne cross protection circuit breaker previously de- 
scribed. The device, as installed, is enclosed in a sealed case 
(Fig. 69) to prevent any improper manipulation of the 
circuit breaker parts. 

This protective apparatus is mounted on the terminal board 
of the interlocking machine, occupying the same space as the 
regular polarized relay. The device, which is exceedingly 
simple in construction, is in no way subjected to weather con- 
ditions and is much more accessible than if located in the 
field at the various switches and signals, as is the ordinary 
practice with some systems employing individual cross pro- 
tection. 

Tests for Cross Protection 

It has previously been stated that all contacts and connec- 
tions depended upon for cross protection are under a constant 
automatic check during the regular operation of the different 
functions; therefore tests on tne cross protection system are 
in no way requisite in the same sense that tests are necessary 
on switch points, to determine with what maximum opening 
the switch points can be locked. It is considered, however, 
that the satisfaction of having a working demonstration of 
the existence of the cross protection more than repays the 
slight trouble involved in making it one of the points to be 
checked up, on the regular inspection trip. 

The time chosen for conducting such a test should be when 
the voltage on the system is at the highest point attained in 
service. This will be when the interlocking battery is being 
charged, at which time the current will run up above 140 
volts. 

The tests on the various switch functions may be secured 
by making a connection between the normal and reverse operat- 
ing wires on the pole changer. 
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In testing signals, the necessary energy may be obtained at 
the nearest switch mechanism, since one of the switch control 
wires is always connected to battery positive (Fig. 64). The 
test should be made by connecting energy onto the signal 
control wire as near as possible to the signal motor, and if the 
signal circuit is connected to the common return wire through 
one or more switch circuit controllers, the energy should be 
applied to this wire, care being taken to first open the connec- 
tion to the main common wire. Failure to open this connec- 
tion to common in all probability will result in blowing a fuse 
in the switch circuit from which the energy is being taken for 
the test, since under these conditions a short circuit to the 
common return wire is created. 

Where the plant has been sectionalized, one or two functions 
in a given section should be crossed up with wires taking energy 
from each of the other sections. In case the functions in the 
various sections are widely separated, these crosses may be 
made between the binding posts in the terminal board of the 
interlocking machine, to avoid running a conductor long dis- 
tances over ground. This test will insure that the proper 
division of the functions was made at the time of installation, 
and that no undesirable connections have since been made. 

For the first test after an interlocking system has been 
installed it majr be well to connect an adjustable resistance in 
the wires used in making the crosses, starting with the resist- 
ance all in and gradually cutting it down until the circuit 
breaker opens. For the periodical tests which some railway 
companies carry out this resistance is generally considered 
unnecessary. 
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MODEL 3 FORM D SWITCH CIRCUIT CONTROLLERS 



FiQ. 70. Model 3 Fob 

CiRCmT CONTHO 

Two circuits, normal 
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MODEL 5 FORM A SWITCH CIRCUIT CONTROLLER 
The Mode] 5 Form A switch circuit coDtroUer arranged for 
selecting signal circuits is shown by Fizs. 73, 74 and 75, The 
operation of the contacts, which are forced open and forced 
closed, is effected tlirough a cam movement, which causes 
all wear to come on heavy iron parts and not on the contacts. 
The contacts may be adjusted in pairs to make normal or 
reverse contact as required. One pair is adjusted by 
means of the screw jaw on the connecting rod and the other 
pair by means of the cam (Fig. 187), the parts after adjust- 
ment being positively locked against working loose. The 
contacts and oindlng posts are mounted on a vertical panel 
which gives convenient access to the binding posts when 
"connecting up " and permits ready inspection of tne contacts. 



The case is provided with main and supplementary cov^s 
as shown by Fig. 74. the latter protecting the contacts from 
frost and condensation at all times, and when the main cover 
is open, from rain. The trunking cap and operating crank 
may be applied to either side of the circuit controller as proves 
most convenient in installation. 



THREE POSITION D. C. MOTOR RELAY 

The Three Position D. C. Motor rela^ is especially designed 
tor wireless control automatic block aignaling, but is readily 
at^ted for use with three position polarized line circuits. 

Tne operating meclianism consists of a small direct current 
motor having powerful permanent magnet fields with ample 
air gap between the armature and pole pieces. The contacts 
are moved from the de-energized position to either of the 
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energized positions by the rotaiy motion of the motor armature, 
the movement of which is transmitted to the contacts by 
suitable link connections. The closing of one or the Other 
seta of contacts is accomplished by a partial rotation of the 
armature, the direction being dependent on the polarity of 
the operating current. 

The contacts have the same opening and pressure, and are 
similar in design to those used in the regular Model 9 D. C. 
relay. The maximum equipment of contacts in the tour way 
relay, shown in F^. 76, is four normal and four reverse, 
with four contacting fingers. It is to be noted that when 
used in connection with wireless signaling on polarized track 
work, the signal control is broken through one set of con- 



TioN D. C. Motor Rel 



tacts only, while in the polar-neutral relay the control must 
be broken through both polar and neutral contacts. This 
same holds true for the track control, which, owing to 
the decreased resistance of the contacts introduced into the 
circuit, means that cut-sections can be employed to as great 
an extent in polarized track circuit work, through the use of 
this relay, as in the case of neutral track circuits employing 
the ordinary two position relay. 

The relay has several other important features which should 
be noted. The design is such that the chance of havii^ the 
polarity reversed by a lai^e flush of current or by lightning is 
so remote as to be negligible. The relay ia not subject to 
residual magnetism troubles in any way, as its operation 
depends on current only, and not on electro-magnetic traction. 
This being the case, the drop away (50 per cent, of the normal 
pick up) cannot change with time, and once flxed, always 



reniains the same. The overall dimeasions are such as to 
permit its installation in the apace required by a D. C. tractive 
type relay having the same contacting capacity. 



TRACTIVE TYPE D, C. RELAYS 
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TRACK DIAGRAMS AND MANIPULATION CHARTS 
To facilitate the manipulation of the levers of the lDt«r- 
locking machine, it ia customary to mount within full view of 
the leverman a diagram of the track layout showing the rela- 
tive location of all interlocked switch and signal functions, 
also a chart listing the various routes through the pknt and 
the order in which the levers are to be moved in setting up 
each of these routes. By referring to the cliart, the leverman 
is guided in manipulating the levers in the sequence imposed 
by the mechanical locking between levers, thus aiding him 
greatly in the handling of the traffic passing through the plant. 



The track diagram and manipulation chart are usually com- 
bined in one plan and mounted in a single frame, unless their 
combined size ia prohibitively large, in which case they are 
framed separately. 

INDICATORS 
For a long time it has been customary to give to the lever- 
man an indication of the trains approaching the interlocking 
plant; with the advent of route locking and the semi-auto- 
matic control of signals, and the consequent general use of 
track circuits within the interlocking limits, this practice has 
been extended to indicating at the interlocking station, the 
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condition of all the track sections within the plant. This 
supplements the information given by the track diagram and 
manipulation chart, and adds considerably to the facility 
with which the traffic is handled. 

The approach sections are usually repeated by disc indicators 
and the different track sections between the home signal 
limits by semaphore indicators. These are generally located 
on the wall of the operating room near the track digram, 
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being mounted either separately witii individual covers or on 
a common frame with a single cover. The indicators, aa shown 
by Figs. 81 and 82, may be equipped with contacts and thus 
perform the functions of a relay in addition to those of a 
repeater. 

ILLUMINATED TRACK DIAGRAMS 
A method of indicating the occupancy or non-occupancy 
of the various track sections, rather more elaborat* than by 
the use of repeating indicators, is through the emijloyment of 
the illuminated tracii diagram. This type of indicator is 
of great as^atance on extremely busy plants where it is 
necessary to Imow when a train has cleared each route or 
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SECTION III 



G. R. S. ALTERNATING CURRENT 

APPLIANCES 



DESCRIBING A. C, RELAYS AND THEIR 
USE IN INTERLOCKING WORK; ALSO 
SINGLE AND DOUBLE RAIL A. C. 
TRACK CIRCUITS, AND TRANSFORMERS 
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ALTERNATING CURRENT RELAYS 

THE following pages have been written with the object of 
acquainting those interested in this type of apparatus 
witn the principal characteristics and proper application 
of the various alternating current relays manufactured by the 
General Railway Signal Company. 

Points to bb Considered in Selecting an Alternating 

Current Relay 

In selecting any alternating current relay for a given purpose, 
the following should be taken into consideration : 

First — Is the device to be used as a track relay or a line relay ? 

If it is to be employed as a track relay, in all proba- 
bility it will be exposed to the influence of traction or foreign 
currents, and must, therefore, be of such design that it will not 
respond to currents other than that intended for its operation. 
Furthermore, if the track circuits are very long or the ballast 
very bad, or if the relay is to be located a long distance from 
its point of connection to the rails, the relay should necessarily 
require very little energy from the rails in order to avoid cut 
sections or undue energy consumption. On the other hand, 
when the opposite conditions exist, these relays need not be 
so highly efficient and consequently may be smaller and less 
expensive. 

If required for use as a line relay the device will rarely be 
installed where it will be exposed to the influences of foreign 
or traction currents, and when such is the case, can be of 
simpler, smaller, and less expensive design. 

Second — Is two or three position operation required? 

In this connection it should be noted that the amount of 
line wire can frequently be reduced by the employment of 
relays which have normal, reverse, and de-energized positions. 
To secure the equivalent of this using two position relays it 
may be necessary to install twice as many relays and additional 
line wire. A concrete example of this is the application of 
three position relays to polanzed track circuit work in which 
the caution and clear positions of a signal are given over the 
track rails by reversing the polarity, and without the use of 
line wires at all. 

Third — How many and what kind of contacts is the relay 
to have? 

It frequently happens that as many as ten or twelve 
contacts are required and that these contacts must carry 
at comparatively high voltage a large amount of current; 
in other cases but few contacts and these carrying very 
light currents are necessary. Furthermore, contacts equipped 
With "magnetic blowouts" may be needed to extinguish arcs 
which otherwise would be established in the handling of heavy 
direct currents. These are features which often determine 
the selection of the relay. 
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FauTth ■ — Generally speaking, the question of whether a 
relay is to be of high or low efficiency, and whether it would 
pay to spend more or less for it, should be decided on the same 
basis that is used in selecting any piece of apparatus, viz: 
having determined the total cost of the device in place, includ- 
ing any necessary auxiliary devices, it is then proper to esti- 
mate the cost or the energy required for its operation, and 
that relay which will answer the purpose and cost the least, 
considering first cost, energy consumption, maintenance charges, 
interest, and depreciation, should, of course, be the one to use. 

Model 2 Form A Polyphase Relay 
The Model 2 Form A relay is especially designed for power- 
ful and efficient operation on very long track circuit. As 



an evidence of this efficiency, it may be pointed out that with 
minimum energy consumption it has given perfect operation on 
track circuits oi from three to four miles in length, and with 
ballast conditions far from favoring eood track circuit operation. 
The relay is operated by a polyphase motor, which consists 
of a non-magnetic rotating shell or "rotor," and fixed inner 
and outer cores, the outer core being the "stator" on which 
the windings are placed. These windings are designed and 
connected so as to produce (with alternating current applied) 
a rotating magnetic field, which in turn will mduce currents in 
the non-magnetic rotor causing it to operate. (Direct currents 
cannot produce this rotary field and, therefore, cannot cause 
operation.) The rotor is ordinarily connected to the con- 
tacts through the medium of a pinion and sector arrangement, 
thereby multiplying the effect of the rotor and permitting the 
Operation of a large number of contacts with a very small 
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amount of energy applied. Furthermore, as it is possible to 
supply most of the energy to the stator firom a local source, 
only a small amount of energy is required from the rails to 
cause the relay to operate. These two points permit the 
operation of very long track circuits without the use of cut 
sections or undue energy consumption. 

The relay is universal in its application, in that it may be 
wound for operation on steam roads, electric roads using 
either A. C. or D. C. propulsion, or for operation as a line 
device. Furthermore, it can be adapted for use on any 
frequency ciirrent, for two or three position operation, and 
may be made fast or slow acting. 

The contacts are unusually heavy in construction and are 
so designed that any combination of front, back, or front and 
back contacts can be secured, changes being easily made on 
the ground if desired. Special contacts equipped with the 
"magnetic blowout'* referred to on page 109 can also be fur- 
nished. The contact housing for the fo\ir and six way relays 
accommodate eight and twelve contact fingers, respectively, 
these controlling eight or twelve independent circuits. 

Model 2 Form B Relay 

The Model 2 Form B relay operates on the same general 
principles as the Model 2 Form A, employing the non-mag- 
netic rotor which permits it to operate with the same degree 
of safety and reliaoility. It is designed primarily to operate 
as a line device but may be used in connection with track 
circuits to a limited extent; for instance, as a track relay for 
short track circuits on steam, roads, or for short double rail 
track circuits on roads using direct current for propulsion. 
While the relay's efficiency is approximately but hialf that of 
the Model 2 Form A it compares well, nevertheless, with other 
A. C. relays on the market. It operates on 25 or 60 cycle 
current, in two or three positions, and can be furnished either 
slow or quick acting. 

The Model 2 Form B relays have about the same overall 
dimensions as a D. C. relay of the same contact capacit;^, this 
feature permitting their installation in housings previously 
occupied by D. C. relays. The relay is assembled as a shelf 
or wall type device, as a tower indicator or as an interlocking 
relay. 'Tne contacts are limited to a maximum of four 
front and two back, or six front and two back, in the four 
and six way relays, respectively. 

Model 3 Form B Relay 

In the Model 3 Form B relay, the same construction is used 
for the housing, contact arrangement, etc., as in the Model 
2 Form B. The actuating movement is essentially the same 
as that of the Model 2 Form B, with the exception that it 
operates in two positions only and is a single phase device. 



GENERAL RAILWAY SIGNAL 



Due to this feature the relay doea not require the presence of 
local energy which js sometimes difficult to provide for. The 
relay ia equipped with a non-ma^etic rotor and ia designed 
primarily for use in connection with single rail track circuits 
on direct current electric traction roads. 

Model Z Form B Relay 

The Model Z Form B relay uses the same hou^ng and is 
provided with contacts of the same design and arrangement 
as the Model 2 Form B and Model 3 Form B relays previously 
described. 

The Model Z relays are provided with a bipolar atator, 
with windings on eacn of the poles, and a rotary armature so 
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HoDKL 2 Form B, A. 
Model 3 Fonu B. A. 
Model Z Form B, A. 



shaped that when current (either direct or alternating) is 
applied to the windings, a uniform torque is produced, which 
causes the rotor to operate through about ninety degrees. 
This movement is transmitted by means of a suitable connec- 
tion to tte contacta. 

Being operable on direct current, the relay is adapted for 
line service only. Its exceptionally high ^ciency makes it 
preferable for this type of work where direct current doea not 
exist on the line and where single phase operation is desired. 
The relay operates in two positions only. 



In conclu^on, attention i 

few types of relays needed t 
ments of A. C. ^gnaling. 
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It will be noted by reference to the description which has 
preceded : 

First ^Thot but two general forms of construction are 
employed, viz: the larger, more efficient form (Fig. 86), 
especially adapted for track circuit work, and the small, mod- 
erately efficient form (Fig. 87), especially designed for line 
circuits and short track circuits. 

Second — That but two principles of operation are used, 
namely: the inductive as employed in the Model 2 and Model 3 
relays, and the electro-magnetic as employed in the Model Z 
relays. 

Third — That each form is made in two sizes to accommodate 
more or less contacts as required. 

With these two forms, two principles of operation and 
two sizes of relavs, wound and equipped with contacts as may 
be necessary, all the requirements of A. C. signaling can be 
met without resorting to a greater number of types. It will, 
therefore, be seen that the G. R. S. relay construction has 
placed A. C. relays, as regards the diversity of types required, 
on practically the same basis with the relays used in connec- 
tion with D. C. signaling. 



SINGLE RAIL ALTERNATING CURRENT 

TRACK CIRCUITS 

SINGLE rail A. C. track circuits are largely used at inter- 
locking plants in electrified territorv. With this tvpe of 
track circuit, insulated joints are placed in one rail only, 
the other rail bein^ used in common by the retimi propulsion 
current and the signaling current (see Figs. 88 and 89). It 
will be seen that single rail track circuits are used to best ad- 
vantage where there are two or more parallel tracks, in. 
that the power or common rail of all these tracks can be bonded 
together, thus preventing interruption of the propulsion current 
return in the event of a break in the power bonding in any one 
of the continuous rails. 

Advantages 

The chief advantage of single rail track circuits as compared 
to the double rail type is in its lesser cost and complication, 
the double rail circuits requiring the installation of impedance 
bonds to provide a continuous return for the propulsion cur- 
rent. As thero are usually a number of comparatively short 
track circuits at an interlocking plant, it is seen that the use 
of double rail track circuits with impedance bonds would be 
very expensive. It is furthermore true that at many plants, 
the track arrangement is such that it would be extremely 
difficult to secure space at the bond locations for their installa- 
tion. 

Limitations 

Traction Return. When single rail track circuits are in- 
stalled, both rails cannot be retained for traction purposes, as 
noted above. If the giving up of one rail leaves insufficient 
return for the propulsion current, the use of single rail track 
circuits is barred and double rail track circuits would probably 
have to be employed. 

Broken Rail Protection. Single rail track circuits do not 
give broken rail protection due to the cross bonding required 
for traction purposes, which provides a number of return 
paths through the rails of other tracks for the signaling current. 
On this account the use of single rail track circuits should be 
restricted to slow speed tracks, such for example as in terminals, 
or to siding tracks. 

Length. The permissible length of single rail track circuits 
is limited either by ballast conditions, by the traction drop in 
the return rail between the points of connection of the trans- 
former and the track relay to the common rail, or by the com- 
bination of ballast and drop. The Model 2 Form A relay as 
ordinarily constructed is capable of carrying 10 amperes direct 
current through its track winding without overheating or 
being caused to open. 

The drop in the common rail has the effect of sending direct 
current from the common rail through the transformer, through 
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the signaling rail, the track winding of relay and back to the 
common rail, this effect being maximum when a train is on 
the transformer end of the track circuit, thereby cutting out 
the transformer resistance and allowing the full drop to be 
effective through the signaling rail and relay in series. 

In view of the fact that the common return rail has a neg- 
ligible resistance, there are times when it can be assumed that 
afl of this drop is effective across the relay, and to prevent a 
prohibitive amount of direct current from flowing through 
the relay, under ordinary conditions a limiting resistance is 
added in series with the relay. 

If however the track circuit is long or the ballast bad, the 
traction drop will in all probability be excessive, thereby 
requiring that the limiting resistance be high, which in turn 
necessitates that a correspondingly high A. C. voltage be 
impressed across the rails at the relay location in order to 
secure operation; this A. C. voltage is limited since as the 
voltage IS increased the current leakage between the rails 
throughout the length of the track cu^cuit increases very 
rapidly. To take care of such a condition an impedance hav- 
ing low ohmic resistance to direct current, but high resistance 
to alternating current, may be shunted across the relay ter- 
minals, this permitting a large amount of direct current 
to flow through the relay and impedance combined with- 
out causing more than 10 amperes direct current to flow 
through the relay; a unit of low resistance is still required, 
being connected in series with the relay and impedance, this 
resistance necessarily being in the nature of a grid since it 
has to carry a comparatively large amount of direct current. 
With this arrangement the transformer should be designed to 
stand a large amount of direct current through its secondary 
winding without having its A. C. voltage seriously affected. 

Under the conditions ordinarily found m terminals or where it 
is permissible to use single rail track circuits, it will be found that 
the use of a resistance in series with the relay is adequate to se- 
cure proper operation, it being necessary only in rare cases to em- 
ploy the impedance shunted around the terminals of the relay as 
above described. 

Energy Required 

The energy required for the operation of single rail track 
circuits depends upon the amount of traction drop in the com- 
mon rail and upon the ballast conditions. In an interlocking 
plant where the track circuits may average 500 feet in length, 
the energy per track circuit, employing the Model 2 Form A 
track relay, should not exceed tne figures given below: 

Total Energy Required for Track 
Circuit and Relay Local 

25 cycle current, 30 vol! amperes 25 watts 

60 cycle current, 40 volt amperes 30 watts 

Note. — The Model 2 Form A track relay, quick acting and designed to 
stand 10 amperes direct current, has a resistance of about one-han ohm. 
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Types of Single Rail Track Circuits 

In the past the common practice when installing single 
rail A. C. track circuits has been to locate the track trans- 
former at one end of the track circuit and the relay with its 
housing and auxiliary apparatus at the other end; this re- 
c^uires that the relay must be repeated into the interlocking sta- 
tion to operate other relays or indicators. A simplified dia- 
gram of such a circuit is illustrated bjr Fig. 88. 

In sharp contrast with this is shown in Fig. 89, the method 
which can be used when a high efficiency polyphase relay such 
as the Model 2 Form A is employed. By feeding the track 
circuit from a central source and extending the relay leads 
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Fig. 88. Single Rail A. C. Track Circuit 
Track relay and transformer located at track circuit. 



from the track circuit into the station, the amount of apparatus 
can be cut down, maintenance costs reduced to a minimum, 
and certain safety features, not obtainable in the other arrange- 
ment, secured. 

It will be noted that in the central energy scheme, the 
vital parts of the track circuit are located in the station directly 
under the eye of the maintainer which permits adjustments to 
be made under the most favorable conditions. Due to the 
simplicity and accessibility of this type of track circuit, main- 
tenance is reduced to a minimum. 

A considerable amount of apparatus is saved by this kind of 
an installation, since secondary relays with their track boxes, 
additional wiring and fusing, are not required : furthermore, 
the numerous track transformers which otherwise would have 
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to be distributed from one end of the interiocking plant to 
the other are eliminated due to the circuits being fed from one 
central point. The resistance of the leads from the track 
circuit to the relay and transformer, constitute a part of the 
limiting resistance required in series with these pieces of ap- 
paratus. 

A safety feature obtainable in the central energy scheme 
which cannot be overlooked is in the protection against crosses. 
It will be noted by reference to Fig. 88 that a cross at X will 
cause false operation of the repeating relay in the station, 
whereas a similar cross in Fig. 89 prevents, as it should, 
operation of the relay. Every step toward simplicity is a 
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step towards safety and this central energy control is the 
last word in simplicity as regards track circuits. 

The high efficiency of the Model 2 Form A relay especially 
adapts it for this kind of work, the relay requiring but a small 
amount of current from the rails, while a comparatively large 
amount is supplied at the station for the local phase of the relay. 
The relay may be eauipped with an indicator blade and 
located in plain sight of the leverman, thus dispensing with the 
necessity of repeating indicators which mignt otherwise be 
required for this purpose. 

Typical Installation of the Central Energy Scheme 

Fig. 90, which is typical of a large G. R. S. installation, 
illusfiates the extension of the principle of Fig. 89 into the 
complete wiring required in connection with this type of track 
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circuit work. It also indicates the control between the inter- 
locking machine and the switch and signal functions in the 
given section of track, and shows the method of controlling 
the switch lever locks and track indicators through the track 
relay. 

The track relays and transformers are shown located in the 
station, the latter being installed in duplicate to prevent any 
interruption of service should anything happen to one of 
the transformers. It will be noted that the transformers, 
besides feeding the track circuits, are used to furnish energy 
for the signal lighting and the operation of all A. C. appa- 
ratus. The track winding of these transformers is brought to 
a buss bar on the distributing switchboard, the incMvidual 
leads of the various track circuits being connected to this buss. 
It is general practice where the track circuits vary sufficiently, 
or where any of them are located far enough from the station 
to require much more voltage than the others, to provide the 
track winding of the transformer with a number of taps which 
are carried to different buss bars, the individual leads of the 
different track circuits being taken from one buss or the 
other as required. 



IMPEDANCE BONDS FOR DOUBLE RAIL 
ALTERNATING CURRENT TRACK 

CIRCUITS 

WHEN it is desired to install A. C. track circuits and 
both rails must be retained for propulsion purposes, 
double rail track circuits, such as are shown by the 
typical circuit, Fig. 238, must be employed. It will be noted 
that the track is divided into sections of varying length by 
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FiQ. 91. Method of Installing Size 1 Form C Impedance Bonds 

means of insulated rail joints. Impedance bonds are installed 
at such locations for the purpose of providing around the joints 
a low resistance path for the return D. C. propulsion current, 
while not permitting the passage of the A. C. signaling current. 
The bonds consist of a few turns of heavy copper wound 
about, but insulated from, a laminated iron core, the con- 
nections to the rails being so made that the traction current 
has no ma^etic effect on the bond, provided an equal amount 
is flowing m each of the rails. If, however, more current is 
flowing in one rail than in the other, there will be a tendency 
to saturate the iron core and thereby reduce the impedance 
of the bond. This effect, which is called "unbalancing," 
is limited by introducing an air gap into the magnetic circuit, 
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the bonds ordinarily being designed to stand 20 per cent, 
unbalancing without a decrease of more than 10 per cent, in 
impedance. 

The size of the bond to be installed is dependent upon the 
amount of current the bond will have to cany, the impedance 
to which it must be wound (this being more or less dependent 
Upon the length of the track circuit), and upon the amount of 
unbalancing to be taken care of. Where good traction bond- 
ing can be maintained a less amount of unbalancing can be 
figured upon, and hence a smaller size of bond employed. 
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The Size 1 Form C bond, which b the lai^est, is installed 
only where the heaviest traffic requirements are to be met, the 
size of the bond requiring that tt be located outside of the rails. 
The Size 2 Form B and Size 3 Form A bonds are of such dimen- 
sions aa to permit their being installed between the rails. 
These smaller bonds are fumisBed with sloping covers to pre- 
vent their being caught by dn^ging train parts, and are 
especially designed to nave their leads brought out of the case 
: _„j. j(, facilitate connection to the rails. 



TRANSFORMERS 
High Tension Line Transformers 

THE Type L traDsformer is a. single phase, oil immersed, 
self cooled, pole type transformer, designed to step down 
the tranBmission line voltage (6,600 volts maximum) at 
signal and track feed locations, to the voltage required for the 
operation of the signal system. 



1. High tensi 
winding for feed! 

2. High tenai 
winding for teedi 



Tvpb! L HiQH TKNaioN I.ise Th*nsfob«eb 

ona in which these transformers are made up 

on primary winding and low tension secondary 
ng relay locals, signal mechanisms, and lights, 
on primary winding and low tension secondary 
ng track circuits. 
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3. High tension primary winding and low tension secondary 
windings, one for feeding rela^ locals, signal mechanisms ana 
lights, and one or two for feeding track circuits. 

The primary or high tension winding may be equipped 
with 5 and 10 per cent, taps brought to a suitable porcelain 
terminal block, which ordinarily is located below the oil 
level to minimize the liability of lightning arcing from post to 
post. The secondary leads and taps are brought to a sepa- 
rate porcelain terminal board located above the oil level. 

The tran^ormer windings are contained in a cast iron, 
water-proof case, which is fitted with lugs to take the hanger 
irons necessary for mounting. 

These tranrformers are built with the same relative polarity 
and are so constructed that reversing the polarity of the track 
feed may be accomplished on the terminal block inside the 
transformer without changing the permanent exterior circuit 
connections. 



Fio. 95. Typk K Skcqndabv Tback Transfobueh 

Core losses and copper losses are lower and the efficiency 
higher than usually is obtainable on this fecial class of trans- 
formers. Good regulation on low power factor, low exciting 
current and high insulation (insulation tests being 50 per cent, 
above A. I. E. E. standards) are features which combine 
to form an exceptional transformer in point of long life and 
safety. The transformer des^n is strictly in accordance with 
R. S. A. specifications. 

Secondary Track Transformers 

The Type K secondary track transformer as illustrated by 

Fig. 9o IS of the air cooled type and is especially designed 

for feeding individual track circuits, being used, however, to 

i extent, in connection with low voltage tungsten light- 



ing. 
The t 



} transformers are ordinarily made up with one high 
tenaion primary winding and one low tension secondary 
winding, this latter being provided with taps tor the adjust- 
ment of the track circuit feeds. The primaries are wound 
for any voltage up to 440 as specified and as ordinarily 
installed are connected to the low tension secondary of the 
line transformer. These connections can be made and the 
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track transformer housed in the relay box ordinarily installed 
at signal locations. 

The cover of the transformer is provided with binding posts 
for both high and low tension windings. The case is of cast 
iron, light in weight, and is provided both with lugs for hang- 
ing, and with feet to permit of the device being mounted as 
desired. 

The same exceptional efficiency, regulation, and low exciting 
current are obtained in this class of transformer as in the Type 
L transformers, previously described. 
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SIGNAL LIGHTING AT INTERLOCKING 

PLANTS 

THE jiuestion as to whether oil or electricity is to be used 
for lighting the signals at electric interloclang plants, de- 
pends on what is most economical and satismctoiy imder 
the particular conditions existing at each separate plant. 

In many cases a decision as to the type of lighting best 
adapted to a given plant can be easily reached. For example : 
If commercisi power of proper voltage is available at low 
cost, or if alternating current is employed in connection with 
the signaling, it will imdoubtedly be found desirable to light 
the Is&ps electrically; this is especially so if the plant is a 
very laree one, as at such a point the ou lamps would require 
a specisd force of lampmen for their maintenance. On the 
other hand, if commercial power is not available or can be 
secured onlv at a high rate, or if the plant is so small that oil 
lamps could be car^ for by the force regularly employed, it 
will probably be found most economical to use oil lighting. 

In cases where the course to be followed is not so evident, a 
careful estimate of the initial expense involved and of the cost 
of operation and maintenance, should be prepared before a 
decision is reached. In the case of oil lignting it is merely 
necessary to consider the cost of the lamps, oil, maintenance, 
etc. In the case of electric lighting, however, a number of 
other considerations enter into the problem as outlined on 
the following pages. 

Type and Arrangement of Btjlbs in Signal Lamps 

The bulbs used in this type of work are ordinarily of low 
candle power, it having been foimd that ample light is secured 
from bulbs of two or four candle power. When the lighting is 
operated at 110 volts, the carbon filament type is insSdled, it 
beiiuf considered that metallic filament biubs of such low 
cancue power are too frail to be reliable when designed for 
operation on this voltage. Where it is possible, however, to 
furnish current at a potential of from 6 to 12 volts, the high 
eficiency of the metallic filament type can readily be made 
use of. 

POWER REQUIRED FOR OPERATION OF 
INCANDESCENT LAMPS 



Candle 
Power 


Carbon Filament 


MBTALUC FILAICBNT | 


110 Volte 


65 Volte 


10-13 Volte 


4-« Volte 
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Watte 
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10 
20 


10 
20 
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2H 
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In deterhiining the arrangement of the bulbs in each signal 
lamp, the first consideration is to insure the signals agamst 
ever being without li^ht. On this account, general practice has 
been to have each si^iial lamp contain two biilbs, connected 
in multiple, it being nighly improbable that both will bum 
out at tne same time. The reduced brilliancy of the signal 
light, resulting from the burning out of one of the bmbs, 
causes the faOure to be quickly detected and permits the 
necessaiy renewal to be made at once. 

Where two biilbs, burning in multiple, give more than the 
amount of light rec[uired, an economy can be effected without 
sacrificing reliability by employing "cut in'* relays which 
permit tne burning of but one of the biilbs at a time. The 
coil of this ''cut in relay is connected in series with the biilb 
that is to bum normally, a back contact on the relay being 
arranged to connect the reserve bulb across the lighting mains 
in the event of failure of the one in service. 

Another way to reduce the energy consumption and stUl 
retain the necessary reserve, is to use the nigh efficiency 
metallic filament bulbs connected in multiple. As stated 
above, a low candle power bulb of this type to be reliable 
must be operated on low voltage. 

Normal Source of Power and the Necessary Reserve 

Having touched upon the type and arrangement of the 
bulbs to be used in signal lamps, the next consideration should 
be with regard to the normal power supplv and what reserve 
should be provided to keep the lights biuning in case of 
emergency. 

It IS recommended as good practice that the signal lights 
should be operated from a commercial source, the control 
being arranged so that the lighting systems will be quickly 
transferred on to the 110 volt interlocking battery in the 
event of failure of the commercial power. It will be seen 
that this use of the interlocking battery as a reserve restricts 
the lighting to operation on 110 volts. The commercial power 
mav be either alternating or direct current and will in all 
prooability be delivered at 110 or 220 volts. If this potential 
IS 220 volts, it is, of course, necessary to install a motor gen- 
erator set, transformer, etc., to reduce the voltage to that 
required by the lighting system. 

Where a reliable source of alternating current is available, 
such, for instance, as can be obtained when the interlocking 
plant is located in A. C. automatic signal territory, the reserve 
oattery is not considered necessary, and this permits the light- 
ing sjrstem to be operated at any voltage desired. In such a 
case low voltage metallic filament lamps can be operated, 
transmission about the pLeint being made at a higher voltage, 
thus avoiding tjbe necessity of installing large lighting mains. 
In this connection it is to be noted that low voltage lighting 
should be restricted to points where the current supply is abso- 
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hitely reliable, except in the case of a plant with compara- 
tively few signals, at which plant a low voltage battery of 
suitable capacity is available for use as a reserve. 

In case commercial power, of the proper voltage, or sig- 
nalmg power cannot be seciured, the lignts should then be oper- 
ated from the charging generator, provision bein^ made to 
transfer the lights onto the interlocking battery m case of 
failure of the generating unit. Attention is called to the 
undesirability of lighting from this source imless either the 
chu^ng unit or interlocking battery is installed in duplicate, 
since if only one generator and one battery were employed, 
the capacity of the battery would have to be excesavely 
large to provide sufficient reserve against the failure of the 
charging generator, such a failure in all probability being of 
longer duration than would be the case with commercial 
power. 

Precautions 

In operating the lighting system from a charging generator 

Seat care should be used to see that the normal vold^e of the 
tnps is never exceeded, since the biilbs will be quickly burnt 
out if subjected to an excess voltage. This increased voltage 
always exists when the charging generator is supplying cur- 
rent for the lighting system at the same time it is emerging the 
interlocking batteiy; therefore, a regulating device must be 
provided to maintain the voltage on the lamps at the normsd 
point. This device ordinarily is a hand op^^ted rheostat 
which has sufficient r^ulation to permit the voltage to be 
kept at normal. It wiu be seen that the device will require 
the maintainer's attention at frequent intervals; this, how- 
ever, cannot be considered serious, as under such conditions 
the interlocking battery would never be charged at night except 
in case of emergency. Whare duplicate batteries are employed, 
a regulating device is not required, as the combination of 
switches on the power board can be so arranged that it is 
impossible to serve the lighting circuits from the battery 
that is being charged. 

Precaution respecting cross protection should be observed 
whenever the interlocking battery may be called upon to 
furnish current for the lighting system. At plants where the 
operating switchboard is ec[uipped with the cross protection 
circuit breaker shown in Fig. 24 (both positive ana negative 
battery connections being broken through the circuit breaker 
contacts), the signals can be electrically ughted from the inter- 
locking battery without endangering the proper operation of 
the switches, signals, or other functions of the plant. If, 
however, it is proposed to electrically light the signals of an 
existing G. R. S. plant at which plant the old type of circuit 
breaker (Sec. 1, Elec. Int. Gat., page 280) is installed, it is 
strongly recommended that the operating switchboard be 
equipped with the double pole circuit breaker (Fig. 24) and 
the circuits rearranged to embody the principles of the wiring 

f 
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shown on page 88. The lighting mains under no condition 
should be controlled through the cu*cuit breaker. 

Recommendations 

It is recommended that two bulbs always be installed in 
each signal lamp, burning in multiple or operated in connec- 
tion with a "cut in" relay. 

Regarding the source of power, it is recommended as ^;ood 
practice that commercial power be employed, providing 
arrangements are made to cut the lighting system onto the 
interlocking battery in case of failure of the commercial source. 

Where the interlocking plant is located in A. C. automatic 
signal territoiy the lighting may be operated on any voltage 
desired. At such a point high efficiency metallic filament 
lamps can readily be operated. No reserve is necessaiy, in 
view of the fact that the signal transmission line is always 
thoroughly protected against power failure. 

Where neither commercial power nor A. C. signaling current 
is available, the signal lighting may be electncally operated 
from the charging generator, providing the interlocking bat- 
tery is (or batteries are) of sufficient capacity to insure the 
continuous operation of the interlocking and lighting systems 
through any period of time necessary to repair a failure on the 
part of the charging unit. 

In all cases where storage batteries may be caUed upon to 
furnish current for the lighting circuits, regulating apparatus 
must be installed to permit the current from such battery to 
be delivered to the lighting mains at normal voltage during a 
charging period. 

Wlhenever the interlocking battery serves as a reserve, the 
circuits and apparatus on the operating switchboard must be 
such that operation of the lignting system wiU in no way 
endanger cross protection. 
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SECTION V 



ELECTRIC LOCKING AND CHECK LOCKING 



GIVING A DESCRIPTION OF THE VARI- 
OUS TYPES OF CIRCUITS AND THEIR 
APPLICATION TO ELECTRIC INTER- 
LOCKING WORK 
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ELECTRIC LOCKING 

ELECTRIC locking as defined by the RaOway Signal Asso- 
ciation consists of "the combination of one or more elec- 
tric locks and controlling circuits by means of which 
levers in an interlocking machine, or switches or other devices 
operated in connection with signaling and interlocking, are 
secured against operation vnder certain conditions." 

Electric locking is a development of the tendency in rail- 
way signaling practice to constantly decrease the manual 
control of all functions and to increase the automatic control. 
The first important step alone this line was the operation of 
switches and signals through tne mediimi of interlocked levers 
concentrated in a central machine. The real beginning of 
electric locking, however, was in the installation at meclmni- 
cal plants of locking circuits which were to prevent the lever- 
man from changing the route in the face of an approaching 
train. This was followed by a step which had its inception in 
the all-electric interlocking system : namely, section or detector 
locking which was designed to afford safety to a train from 
the time it passed the home signal location until it cleared 
the limits of the interlocking plant. As first installed in con- 
nection with electric interlocking, the switches and derails in 
a given track section were prevented from being thrown while 
a train was on that track section, by interrupting the current 
supply to those functions by means of a re£iy controlled by 
the track relay of the section in question. At the present 
time this method of control is not generally used with the 
all-electric system, having given way to the practice of equip- 
ping each switch and derau lever with electric locks, properly 
controlled by the various track sections. 

Ever since the time of those first successful installations, 
the signal men of the country have become more and more 
alive to the fact that safety of railway operation could be 
much further assured by the development of this principle of 
automatically preventing the operation of functions which 
might endanger the safety of trains approaching or passing 
throup^h interlocking plants. In fact, at the present time 
electnc locking has come to be considered by many a necessary 
adjunct to an interlocking plant. 

Due to the rapidity of the development of the art. a wide 
range of methods has been used to accomplish tne same 
result; the principles involved, nevertheless, have been so 
nearly uniform that it has become possible to determine the 
elements that enter into good practice. For instance, it will 
be found that it should always be possible to restore the home 
signal to the normal position, even though it may not be 
desirable to release tihe route beyond. Also in case of emerg- 
ency, release of the route is generally permitted through the 
use of a time release or hand switcn; the circuits are such 
that when the device has been operated to secure the desired 
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release, some circuit essential to tbe operation of either switch 
or signal functions will be broken, thus necessitating that th« 
time release or hand switch be returned to its normal podtion 
Eiefore operation of the switches or signals affected can be 
resumed. 

Based on the above, the Railway Signal Association haa 
elaadfied Electric Locking in the following manner: 
"SscnON Locking. Electric locking effective whOe a train 
occupies a given section of a route and adapted to prevent 
manipulation of levers that would endanger the train while 
it is within that section." 

An illustration of section locldi^ ia given in Fia. 97, showing 
the manner of controlling the locks with which the switch 
levcn are equipped. As the levers are locked in either the 
full normal or full reverse position, it will be seen that the 
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Operator is prevented from changing the position of the switches 
or derails in a g^ven section during sucii time as that section 
is occupied or fouled by a train. 

" Route Locking. Electric locking taking effect when a train 
passes a signal and adapted to prevent manipulation of levers 
that would endaneer the tndn while it is within the limits 
of the route entered." 

Route locking is a develonment of section locking in which 
the switches and derails in ail sections of any route are locked 
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Fro. 98. RoxTTE Lockinq Cibcuit 



NoTB. — To positive battery through lever contacts and relays as de- 
termined by the layout of track indicated by dotted lines. 

from the time a train enters that route until such time as the 
route is cleared. An illustration of route locking applied to 
a simple layout is shown in Fig. 98. It is evident that the 
circuits become somewhat complicated when used in connec- 
tion with an interlocking where the routing of each signal 
may extend over a number of combinations of track sections. 

'' Sectional Roittb Locking. Route locking so arranged that 
a train, in clearing each section of the route, releases the locking 
affecting that section." 

Hub is a further development of section locking in which 
the functions in all sections in a given route are locked as 
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soon as the train has passed the home signal, the functions in 
each section, however, being released behind the train as soon 
as the train has passed out of the section. 

The installation of sectional route locking has been largely 
restricted to points such as congested terminals where the 
maximum number of traffic movements is demanded with a 
maximiun of protection. Due to its being little used, and on 
account of the rather complicated circuits involved, no. at- 
tempt has been made to show any typical illustration of the 
circuits required in such work. 
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Fig. 99. Approach Lockikq Circuit 

"Approach Locking. Electric locking effective while a train 
is approaching a signal that has been set for it to proceed and 
adapted to prevent manipulation of levers or aevices that 
would endanger that train. 

Fig. 99 shows an approach locking circuit in which a half 
reverse lock on the home signal lever, through the medium of 
the locking between the signal and switch levers, prevents the 
release of the route during such time as the lock is de-energized. 
The locking becomes effective after the signal for the route has 
been cleared and the train has passed a predetermined point, 
which in Fig. 99 is the annunciator section; the locking is 
released as soon as the train passes the home signal. 

It will be noted that in Fig. 99 no protection is given after 
the train has passed the home signal, i. e. — no route locking 
protection is afforded. Protection can be given through the 
plant by releasing the signal lever in the fiSt section beyond 
the limits of the plant instead of on the forty-five degree 
control relay. 
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"Stick Locking. Electric locking taking effect upon the 
setting of a signal for a train to proceed, released bv a passing 
train, and a^ipted to prevent manipulation of levers that 
would endanger an approaching train. 

Stick locking in realit;;^ is only another form of approach 
locking, being different in that it becomes effectve on the 
revenS of the home signal lever and does not further depend 
on the approach of a train. 

Fig. 100 shows a stick locking circuit in which the half reverse 
lock, with which the signal levQr is equipped, prevents its 
return to the full normal position, and, therefore, the release 
of the route governed, until such time as a train has passed on 
to the release section; this section is shown located beyond the 
interlocking limits as mentioned under "Approach Locking." 
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Fig. 100. Stick Locking Circuit 

It will be seen that it is necessarjr to restore the signal lever to 
the normal position while the tram is on the releasing section, 
otherwise tne signal lever can only be returned to the full 
normal position through the operation of the time release. 
If desired, the releasing section may be extended to include 
the several track sections in the route so that the lever may 
be restored to the normal position any time the train is within 
the limits of the route. 

"Indication Locking. Electric locking adapted to prevent 
any manipulation of levers that would bring about an unsafe 
condition in case a signal, switch, or other operated device fails 
to make a movement corresponding with that of the operating 
lever; or adapted directly to prevent the operation of one de- 
vice in case another device, to be operated &^t, fails to make 
the required movement." 

As an illustration of this type of locking may be taken 
any electrical device, which is designed to indicate the cor- 
respondence of position between a unit and its controlling 
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lever. The simplest example is the indication of the position 
of a semaphore blade by means of a lock or other device on 
the governing lever, the control of this lock being carried 
through the circuit breaker on the signal. The w3l-known 
dynamic indication of the aU-electric system is a striking 
example of indication locking. 

It will be found that with the exception of certain forms of 
indication locking, such as the dynamic indication, the differ- 
ent basic forms of electric locking as outlined above are seldom 
used alone, but in combinations. 
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Fia. 101. Circuits for Combination of Approach, Indication 

AND Section Locking 



Fig. 101 illustrates the use of an approach locking circuit in 
conjunction with section locking, and with indication locking 
for distant signal No. 1. In this circuit the control is secured 
by ec[uipping the switch levers with electric locks governed by 
a stick relay. The locking becomes effective when signal 
No. 6 is cleared but is capable of being released by the return 
of lever No. 6 to the normal position, providing a train has 
passed into the releasing section, or providing no train is on 
any of the track sections repeated by the annunciator and 
the fortv-five degree control relay for signal No. 6. This 
circuit aoes not require that the lever be returned to the 
normal position while the train is on the releasing section. 
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If this feature is desired the control may be broken through 
the contacts on lever No. 6 instead of through the circuit 
breaker of the signal. 

The indication locking feature consists of carrying the 
control of the stick relay through the circuit breaker of dis- 
tant signal No. 1 to prevent release of the route luider any 
condition if signal No. 1 is not in the caution or stop position. 

Fig. 102 illustrates a similar arrangement of tracks and sig- 
nals, with circuits providing stick locking, section locking, and 
indication locking. It is to be noted tnat in every particular 
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Fia. 102. CiBcuiT FOB Combination op Stick, Indication and 

Section Locking 

this circuit is the same as that in Fig. 101, except that the stick 
relay does not have a pick up through the forty-five 
deg^ control relay and the annunciator in series: the 
omission of this wire classes the circuit imder "Stick Locking." 
The locking becomes effective upon the clearing of signal 
No. 6 and is released bv a train on the clearing section or by 
operation of the time release. 



CHECK LOCKING 

WHEN interlocking plants are located a comparatively 
short distance apart, it is advisable and frequently 
necessary to install what is known as "Check Lock- 
ing/' which enforces co5peration between the levermen at the 
two plants in such a manner as to prevent opposing signals, 
governing over the same track, from being at proceed at the 
same time. Furthermore, after a signal has been cleared and 
accepted by a train, check locking prevents an opposing signal 
at the adjacent interlocking plant from being cleared until the 
train has passed through to that plant. 

Fig. 103 shows a check locking circuit which involves the 
use of check lock levers at each plant, the arrangement and 
method of operation of these levers making the circuit especially 
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FiQ. 103. Check Lockino Circuit 
For use where there ia no preference as to direction of traffic. 

adaptable where there is no preference as to the direction of 
traffic. The sig^nal levers at each station, governing move* 
ments over the intervening track, are so interlocked with the 
check lock levers in their respective machines, that they may 
not be moved from their full normal position until their re- 
spective check lock levers have been moved to the full reverse 
position. By reference to Fig. 103 it will be seen that the 
check lock levers are so controlled that but one of them can 
be in the full reverse position at the same time. Therefore, 
it is impossible for sigimls No. 1 and No. 20 at stations A and 
Z, respectivelv, to be displayed at proceed at the same time. 

The control circuit for the check lock levers is shown broken 
through relay X, which represents the track relays for the 
sections between signals No. 1 and No. 20. This prevents a 
check lock lever being thrown to the full reverse position 
and, consequently, any traffic movement from being made 
during such time as these sections are occupied. The release 
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of either lever in moving to the reverse position is effected 
by current taken from the battery at the far end of the circuit. 

The check locking circuit shown in Fig. 104 is desired for 
operation when there is a preference in the direction of traffic, 
smce traffic movements can normally be made from A to Z 
without any interference from the check locking, it being 
necessary, however, when makine a movement from Z to A 
(a^inst traffic) to operate both cneck lock levers. 

£ach station is equipped with a check lock lever so interlocked 
with signal levers No. 1 and No. 20, that lever No. 1 is 
free to De moved only when the check lock lever at A is full 
normal, and lever No. 20 only when the check lock lever 
at Z is full reverse. The control, however, of the check 
lock levers is such that the lever at Z can be reversed only 
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Fio. 104. Check Locking CiRcurr 
For use where there \b preference as to direction of traffic. 

after the check lock lever at A has been thrown to the full 
reverse position, and, after having been moved from its normal 
position, the lever at A can be returned to the full normal 
position only after the return of the check lock lever at Z to 
full normal. Thus it will be seen that it is impossible to have 
a condition existing which would permit signal levers No. 1 
and No. 20 to be reversed at the same time. 

The final movement of the check lock lever at Z in being 
moved to the full reverse position, and of the check lock lever 
at A in being placed normal, is permitted by energy secured 
from the battery located at the far end of the circuit. 
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SECTION VI 



INSTALLATION AND OPERATING DATA FOR 
POWER PLANTS AND SWITCHBOARDS 



COVERING LEAD TYPE STORAGE BAT- 
TERIES, GENERATORS AND MOTOR 
GENERATORS, GASOLINE ENGINES AND 
SWITCHBOARDS, WITH DATA AND 
TABLES FOR THE DETERMINATION OF 
THE PROPER TYPE AND CAPACITIES 
OF APPARATUS 
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LEAD TYPE STORAGE BATTERIES 

ST0RA.6E or secondary batteries consist of cells, the plates 
and electrolyte of which can be restored to their original 
condition after discharge, by forcing an electric current 
through the cell in the direction opposite to that taken by 
the current produced by the cell. When a primary battery 
is e^diausted the electrolyte and elements are renewed before 
further use. It is in this reversability or regeneration that 
lies the fundamental difference between storage and primary 
cdls. 

The lead type storage cell consists essentially of two 
plates or sets of plates suspended in a dilute solution of sul- 
phuric acid. There are many forms of plate construction, but 
the chemical composition is generally the same, the positive 
and negative plates being made of peroxide of lead and pure 
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or "sponge" lead, respectively. When the elements are com- 
posed of more than two plates the negative plates in each 
cell are one more in numoer than the positives. Wooden 
or hard rubber separators are introduced oetween the plates 
to prevent any of the positives from coming into contact with 
the negative plates, thus causing short circuit. 

When the circjiit is closed and the battery discharging, the 
sulphuric acid combines with the lead in the elements forming 
a oeposit of sulphate of lead on the surface of both positive 
and negative plates, the density (specific gravity) of the 
electrolyte dimmishinp as the sulphuric acid leaves it to com- 
bine with the materials of the plates. By forcing current 
through the cell in the direction opposite to that of the dis- 
charged current, the sulphate of lead on the negative plates 
will be converted into sponge lead and sulphuric acid, and the 
sulphate of lead in the positive plates into peroxide of lead 
ana sulphuric acid; the sponge lead and the peroxide of lead 
remain in the plates and the sulphuric acid diffuses in the 
electrolyte, the specific gravity of which rises in consequence. 
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EXTRACT FROM R. S. A. SPECIFICATIONS FOR 
LEAD TYPE STATIONARY STORAGE BAT- 
TERY FOR INTERLOCKINGS (1913) 

1. Intent 

The intent of these specifications is to provide for the 
furnishing of complete storage battery cells and parts, 
designed to be located in interlocking i^tations or battery 
houses and used for operating interlocking and signal 
apparatus. 

2. Designations 

(a) In ordering cells or parts the nominal capacity re- 
quired will be designated as ''40 A. H., ''80 A. H./' ^'120 
A. H.," "200 aTh.," "820 A. H.," or "400 A. H./' and 
these terms shall be understood to signify, on an e^ht (8) 
hour basis, the capacities and dimensions thus desig^ted 
in these specifications and Railway Signal Association 
drawing 1224. (See page 146.) 

(&) Each complete cell, uiUess otherwise specified, is 
understood to include the following parts: 

1. One (1) positive group, consisting of the neces- 
sary number of positive plates assembled with con- 
necting strap and one (1) connecting bolt. 

2. One (1) negative group, consisting of the neces- 
sary number of negative plates assembled with con- 
necting strap and one (1) connecting bolt. 

8. One (l) set of separators, with dowels and hold 
downs. 

4. One (1) glass jar. 

5. One (1) glass sand tray, with moulded feet. 

6. One (1) elass cell cover. 

7. Rec^uired electrolyte. 

(c) Positive or ne^tive groups, if ordered separately, 
will be ready for service aft^ an initial chaiige continued 
for fifty (50) to sixty (60) hours at the eight (8) hour rate. 

3. Capacity op Battery 

In conformity with service requirements. 

4. Number op Cells per Battery 

In conformity with voltage requirements. 

5. Dimensions 

Jars, sand trays and covers must conform to Railway 
Signal Association drawing 1224, which is an essential 
part of these specifications. (See page 146.) 

6. Elements 

(a) Positive plates shall be of the Plante type. 
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(&) Negative plates shall be either of the Plante type or 
of the type having mechanically applied active material. 

(c) Positive and negative plates shall be respectively 
connected into positive and negative groups by burning to 
lead straps. 

7. Separators 

Separators shall be of specially treated wood. 

8. Electrolyte 

(a) Electrolyte shall have a specific gravity of between 
1.205 and 1.215 at the end of the initial charge in service. 

(&) Electrol^e shall be in accordance with Railway 
Signal Association specifications. 

9. Acceptance 

No unit or part will be accepted which does not, in the 
judgment of the Purchaser, conform to the best practice 
with respect to material and workmanship. 

10. Service Requirements 

(a) It is essential that all parts shall be rugged in the 
highest degree both mechanically and electrically. The 
apparatus Furnished must give satisfactory and economical 
service. 

(5) Should any injurious buckling of plates occur in 
normal service within one (1) year after delivery, or 
should the capacity of any cell or element fall to less than 
eighty-five (85) per cent, of the specified capacity at the 
eight (8) A. H. rate, in normal service, within one Q.) 
year after delivery, the Contractor must replace the 
defective parts and restore the affected cells to their full 
specified capacity and to a condition satisfactory to the 
Purchaser, without additional cost to him. 

(c) As far as practicable, it is understood that the cells 
are to be operated in the manner recommended by the 
Contractor, out the necessities of operation must oe the 
first consideration. 



R. S. A. DIRECTIONS FOR INSTALLATION OF 

LEAD TYPE STATIONARY STORAGE 

BATTERIES (1909) 
1. General 

(a) The battery should be housed in a space by itself as 
the acid fumes given off during the charge are of a coi^ 
rosive nature. This space should be well ventilated, 
wdl lighted, and as dry as possible. ' If the space is speci- 
ally constructed it should contain no metal work other 
than lead. If this is not possible, then such metal parts 
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should be protected bv at least two (2) coats of acid-proof 
paint. The floors of a large battery room should be 
preferably of vitrified brick» jointed with pitch. 

(6) Batteries should be placed in a room having a uni- 
form temperature, preferably seventy (70) degrees Fahr. 
Low temperature does not injure a battery, but lowers its 
capacity approximately one-half (%) of one per cent, per 
degree. Excessively high temperatures ahorti&k the life of 
the plates. 

(c) If glass jars are used and cell is not of the two-plate 
type, the following should be observed: 

1. Batteries up to four himdred (400) ampere hour 
capacity shall be placed in glass jars. 

2. The capacity of batteries shall ^be for an eieht 
(8) hour rate of discharge at seventy (70) degrees Fanr. 

3. Batteries having a laree nxunDer of cells, such as 
at interlocking plants, shsJl be provided with sub- 
stantial wood racks to support them. These racks shall 
preferably be made of long-leaf yellow pine with non- 
corrosive fastenings, and thoroughly protected bv , at 
least two (2) coats of acid-proof pamt. Cells shall be 
arranged transversely, and the layouts be such that 
each cell is accessible for inspection and provide suf- 
ficient head room over each cell to remove the dement 
without moving the jar. 

4. Each jar shall be set in a tray which has been 
evenly filled with fine dry bar sand, the trays resting on 
suitable insulators. 

5. When placing the positive and negative groups 
into the jars see that the direction of the lug is rda- 
tively the same in each case, so that a positive lug of 
one (1) cell adjoins and is connected to a negative lug of 
the next cell throughout the battery, thereby giving 
proper polarity, providing a positive lug at one free end 
and a negative at the other. 

6. Belore bolting the battery lugs together, they 
should be well scraped at the point of contact, to insure 
good conductivity and low resistance in the circuit. The 
connector studs should be covered with vaseUne before 
screwing up, and all connections covered with vaseline 
or suitable paint. 

7. Before putting electrolyte in the battery the cir- 
cuits connecting same with the charging soiuxse must be 
completed, care being taken to have Uie positive pole of 
the charging source connected with the positive end of 
the battery and the negative poles. The electrolyte 
should cover the top of plates by one-half (%) inch. 

2. Electrolyte 

(a) The electrolyte must be free from impurities and 
meet the tests prescribed by the RaUway Signal Association. 
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3. Initial Chargb 

(a) The initial charge must follow the Manufacturer's 
instructions. The change should be started promptly as 
soon as all the cells are nlled with electrolyte, and all con- 
nections made, usually at the normal rate, and continued 
at the same rate until Doth the specific gravity and voltage 
show no rise over a period of ten (10) hours, and gas is 
being freely given on from all the plates. The positive 
plates will sometimes gas before the negatives. Gen- 
oully, to meet these conditions, from for^-five (45) to 
fifty-five (55) hours continuous charging at the normal 
rate will be required; and if the rate is less, the time 
required will be proportionatelv increased. In case the 
charge is interrupted, particularly during its earlier stages, 
or if it is not started as soon as the electrolyte is in the 
cells, the total chu^e reo|uired (in ampere hours) will be 
greater than if the clSiree is continued and is started at once. 

(b) As a guide in following the progress of the chan[e, 
readings should be regularlv taken and recorded. The 
gassing shoidd also be watched, and if anv cells are not 
gassing as much as the adjoining cells, they should be 
carefully examined and the cause of the trouble removed. 
The temperature of the electrolyte should be closely 
watched, and if it approaches one hundred (100) degrees 
Fahr. the charging rate must be reduced or the charge 
temporarily stopp^ tmtil the temperature lowers. 

(<0 The specinc gravity will faU after the electrolyte is 
added to the cells, and will then graduallv rise as the 
charse progresses, until it is up to 1.210 or thereabout. 

(d) The voltage of each cell at the end of the charge 
will have risen to its maximum and usually will be l^ 
tween two and five-tenths (2.5) and two and seven-tenths 
(2.7) volts. 

(e) If the specific gravity of any of the cells at the com- 
pletion of the charge is below 1.205, or above 1.215, allow- 
ance being made for the temperature correction, it shoidd 
be adjust^ to within these limits, by removing and adding 
electrolyte if the specific gravity is low, and adding chemf 
cally pure water if the specific gravity is high, to again 
bring the surface at the proper neight above the top of 
the plates. It is of the utmost importance tiiat the 
initial charge be complete in every respect. 

(/) In case of batteries charging from primary cells, if 
possible, the initial charge should be given at a place 
where direct current is available of sufficient voltage to 
complete the charge at the normal rate, the cdls being 
then transferred to their permanent position. 

4. Two-flatb Cells 

The g^eral method of installation is the same as the 
above with the following exceptions: Each cdl contains 



ELEXmUC INTERIiOCKINO HANDBOOK 151 



one positive and one negative plate» the positive of one 
cell being solidly connected bv a lead strap to the nega- 
tive plate of the adjoining cell, and consequently no con- 
nectors are required. At the ends of each row there is 
one (1) free positive plate and one (1) free negative plate 
respectively, which constitute the positive and negative 
terminals of that row. Connections to these terminals are 
made with bolt connectors. 

5. Large CAPAcmr Cells 

(a) Batteries of a greater capacity than four hundred 
(400) ampere hours shall be placed in wood tenks and shall 
be covered by special specifications. 

(b) Where tanks are used, it is customary to support 
them on a double tier of glass insulators. 

(e) Plates are shipped separately and assembled one at 
a time in the tank and burned sohdly to a heavy lead bus 
bar by means of a hydrogen flame. It is recommended 
that when installations m this kind are required that 
batterv Manufacturers instaU the battery in accordance 
with tneir standard practice. 



R. S. A. INSTRUCTIONS FOR OPERATION OF LEAD 
TYPE STORAGE BATTERIES AT INTERr 

LOCKING PLANTS (1909) 

1. Battery 

batteries; cells each; type ; number of 

plates per cell normal charging rate amperes. 

batteries; cells each; type ; numoer of 

plates per cell normal charging rate amperes. 

2. Pilot C^ell 

In each battery, select a readily accessible cell, to be 
used in following the daily operation of the battery, by 
teking specific gravity readings of the electrolyte, as 
given below. Keep the level of the electrolyte of this cdl 
at a fixed height, one-half (%) inch above the top of the 
plates, by adding a small quantity of chemicaUy pure 
water each day; this is extremely important. 

8. Chargino 

(a) When to charge. 

1. As a general rule, do not charse until the specific 
gravity of the pilot cell has fallen at least ten (10) points 
below the preceding overcharge maximum, the batteiy 
being then about one-third (w discharged. 

2. In any case, charg[e as soon as possible after reach- 
ing eitho* of the limits given below under " Discharging/' 
or if for any reason a heavy discharge is expected. 
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(h) Regular charge. 

1. Chaise at normal rate of amperes, or as 

near as possible, and continue tmtil the specific gravity of 
the pilot cell has risen to three (3) points below the maxi- 
mum reached on the precedii^ overcharge, when the 
CHARGE SHOULD BE STOPPED: for example, if the maxi- 
mum specific gravity on the overcharge is 1.207, the spe- 
cific gnivity reached on reg^ular charge should be 1.204. 

2. The cells should all be gassing moderately. . 

(c) Overcharge. 

1. Once every two (2) weeks, on 

prolong the regular chiu*ge until fifteen (15) minute read- 
ings of the specific gravity of the pilot cell and of the 
battery voltage, taken from the time the cells commence 
to ^LS show no rise on five (5) successive readings, thus 
having been at a maximum for one hour. 

2. When the above method of overcharge is not prac- 
ticable, the overcharge may be given every sixth cluirge, 
provided the battery receives an overcharge at least once 
every month. If in following this method, i. e., where 
the overcharge is given at intervals longer than two (2) 
weeks and not less freauently than once a month, the 
regular charge should oe prolonged until one-half (%) 
hour readings of the specific gravity of the pilot cell and 
of the battery voltage, taken from the time the celb begin 
to gas, show no rise on seven (7) successive readings, thus 
havingbeen at the maximum for three (3) hours. 

3. The cells should all be gassing freelv. 

4. The overcharge should be given whether the bat- 
tery has been in regular use or not. 

(d) Charging in senes. 

If two (2) or more batteries are charged t<^ether, in 
series, care should be taken that each battery is cut out 
when fully charged; in other words, if one of the batteries 
dischai^es less than the other it i^ould not receive the 
same charge. 

4. Discharging 

(a) Never allow the specific gravity of the pilot cell to 
fall more than about thirty (30) points below the preceding 
overcharge maximum. As a rule, do not allow specific 
gravity to fall more than twenty (20) points. 

(b) Never allow the voltage to eo below one and 

EIGHTY-FIVE ONE-HUNDREDTHS (1.85) VOLTS PER CELL 

when discharging at the normal rate ( amperes). 

If the rate of discharge is less than the normal rate, the 
voltaffe should not be allowed to go so low. 

Limiting voltage cells volts. 

Limiting voltage cells volts. 

(c) Never allow the battery to stand in a eompUtdg 
diBcharged condition. 
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5. Readings 

(a) Read and record the specific gravity of the pilot cell 
and battery voltage just berore starting and ending every 
charge, together with the temperature of the electrolyte. 

(h) To properly compare the specific gravity readings, 
thev should be corrected to standard temperature (seventy 
(70) degrees Fahr.) by adding one (1) point for every 
three (3) degrees above, and subtracting one (1) point for 
everv three (3) degrees below standard temperature. 

(c) Once every two (2) weeks, after the end of the 
chtu^ preceding the overcharge, read and record the 
gravity of each cell in the battery. 

6. Inspection 

(a) Carefull^r inspect each cell on the day before the 
overcharge, using a lamp on an extension cord for the 
purpose. Eicamme between the plates and hanging lugs 
to make sure that they are not touching, and also make a 
careful note of any peculiarity in color, etc., of the plates. 

(h) Use a strip of wood or hard rubber in removing 
short circuits, never use hetal. 

(c) Toward end of the charge preceding the overcharge, 
note any irregularity of gassing; cells gassing slowly 
should be investigatea. 

7. Indications of Trouble 

(a) Falling off in specific gravity or voltage 
relative to the rest of the cells. 

(b) Lack of or slower gassing on overcharge, as 
compared with adjoining cells. 

(c) Color of plates markedly lighter or darker than 
in adjoining cells, except that sides of plates facing glass 
may vary considerably. 

(d) In case of any of the above symptoms being found, 
examine carefully for cause, and remove at once. 

(e) Report trouble of any description at once to 



8. Broken Jars 

If a jar should break, and there is no other to take its 
place, so that the plates will have to remain out of serv- 
ice for some time, keep the negatives covered with water 
and allow the positives to dry. Connect into circuit again 
just before a charge, so that the plates will receive the 
Denefit of the charge. 

9. Other Important Points 

(a) Plates must always be kept covered with electro- 
lyte. 

(b) Use only chemically pure water, preferably dis- 
tiUed, to replaice evaporation. 



7 



154 GENERAL RAILWAY SIGNAL COMPANY 



(c) Never add electrolyte except under the condi- 
tions explained above. 

(d) Never allow the sediment to get to the bottom of 
the plates; remove sediment when the clearance has 
leached one-half (^) inch. 

(e) Ventilate the room freely, especially when charging. 
(/) Never bring an EXPOSED FLAME near the batto^ 

when charging. 

(y) Never allow metals or impurities of any kind to 
get into the cells; if this happens, remove and wash the 
plates and renew the electrolyte. 



{}i) FiU out the report sheets regularly, 
(i) 



Read the general instructions carefully. 



REQUIRED CAPACITY OF STORAGE BATTERIES 

USED WITH G. R. S. ELECTRIC 

INTERLOCKING 

A storage battery of fifty-five to fiftj^-seven cells, having 
an approximate potential of 110 volts, is used in connection 
with G. R. S. electric interlocking installations. The required 
ampere hour capacity is dependent on a number of variables, 
viz : the niunber of davs between charses, ti'equency of lever 
movements, amount of current required for lighting, for cut- 
outs, indicators, annunciators, etc., and the number of days 
of reserve power desired. 

A separate low voltage batterer is generally installed when 
there are a number of locks, indicators, relays, etc., required 
at the plant, as this type of device is more efficient and can 
have a more rugged magnet winding when designed for opera- 
tion on a potential of 10 or 20 volts; furthermore, there are 
certain safety features which can be secured in connection 
with this low voltage control. The capacity of such a low 
voltage battery is determined in the same manner as the high 
voltage battery, as given hereafter. 

The following instructions will enable the determination, 
with reasonable accuracy, of the ampere hoiu* capacity of the 
battery required for use with a G. K. S. electric interlocking 
plant. 

Ampere Hour Capacity Required for Operation of 
Functions (See also table on page 158.) 

The ampere hoiu* capacity reauired for the operation of 
functions is obtained by multiplying the number of lever 
movements per day by the numoer of days between charges 
and bv a '' Function Constant." This constant, to be obtained 
by reference to table on page 155, is influenced mainly bv two 
things: the average length of time that signals are had in 
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the proceed position and the ratio of the number of signal 
movements to switch movements. In the absence of demiite 
information on these points it is suggested that the constant 
.006 be used as representing a fair average condition. This 
constant is shown underlined in the table. 

By reference to the table of Function Constants it can be 
nmy seen that it is advisable to keep down the length of 
time signals are held in the proceed position, a glance indicat- 
ing that the battery capacity will run up veary rapidly as the 
time of holding signals at proceed increases. In this connec- 
tion it may be stated that there have been cases where a much 
smaller size battery has been permitted due to the saving in 



TABLE OF FUNCTION CONSTANTS 



ATvrage Length of Time Signals are 
Held In Proeeed Poeltion 

Minutes 


Ratio of Signal to Switch Movements | 


1-2 


1-3 


1-4 


1-5 


2 
3 
5 

10 
15 
30 


.006 
.007 
.010 
.016 
.022 
.041 


.005 
.006 
.008 
.013 
.017 
.032 


.005 
.006 
.007 
.011 
.015 
.026 


.005 
.006 
.007 
.010 
.013 
.023 



hold clear current, this being eflFected b^ the installation of 
annunciators, which by suitably indicating the approach of 
a train reduces the len^^h of time of holmng the signals at 
proceed. Furthermore, it is interesting to note that the saving 
effected by the installation of this snmller battery may mwe 
than balance the cost of such annunciator installation. 



Amperb Hours Required for Operating 

SwrrCHBOARD CUT-OUTS 

In every G. R. S. electric interlocking plant one or more 
circuit br^iker cutouts are required for cross protection pur- 
poses. The capacity required for cut-outs is obtained l^ 
multiplying the number of cut-outs by nine*tenths and 1^ 
the numb^ of days between charges. A discussion as to the 
number of cut-outs to be employed to suitably sectionalize a 
plant is given on page 93. 

Ampere Hours Required for Electric Lighting 

(See page 127.) 

When the signals at an interlocking plant are to be lighted 
by electricity, the interlocking battel is generally held as a 
reserve against the foilure of the normal source of power. 
The number of days which the battery may be called upon to 
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furnish current in such an event d^ends upon the probable 
length of time required to repair any derangement of the 
apparatus normally furnishinff power to the lighting system. 
The ampere hour capacity which must be providea for the 
lighting is, therefore, determined by multiplying the ampere 
hours per signal per day by the number of signals to be lignted 
and the number of days' operation which may be required 
between charging periods. 

TABLE OF AMPERE HOURS PER DAY PER SIGNAL. 110 VOLT 

CARBON FILAMENT BULBS — TWO BULBS PER SIGNAL, 

CONNECTED IN MULTIPLE 



Candle Power 
per Bulb 


Aysragx Numbxr or Houbs Lightb abs Bubmbd 

FBR DAT 


12 


13 


14 


Ampere Hours 


Ampere Hours 


Ampere Hours 


2 

4 


2.18 
4.36 


2.36 
4.72 


2.55 
5.09 



Nora. — Values approziinate. 



Amperb Hours Required for Miscellaneous 

Purposes 

When auxiliary devices, such as indicators, locks, etc., are 
operated from the interlocking battery, the current taken for 
this purpose must be included in fifunng the capacity of the 
batt^. The current required by these devices can be secured 
by reference to tables on pages 265 to 269. The capacity of 
lottery required for this purpose is obtained by multiplying the 
current taken by said auxiliary devices by the average number 
of hours such apparatus is energized per day, and by the num- 
ber of days between charges. 

Reserve Ampere Hours 

Under normal operating conditions the battery should not 
be fully discharged on accoimt of the fact that charging cur- 
rent may not be always instantly available when wanted, in 
which case the time would surely come when the plant would 
be without means of operation. It is, therefore, necessary to 
have the battery of sucn size that at the usual time of charging 
there will be a certain number of ampere hours capacity left 
in the battery as a reserve. 

The R. S. A. recommends that under normal conditions the 
battery never be discharged beyond two-thirds of its total 
capacity; stated in other words, this means that 50 per 
cent, must be added to the capacity computed when instalhng 
the battery in accordance with R. S. A. specifications. If the 
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battery is to be charged at intervals of a week this will give 
a reserve of three and one-half days, and if at intervals of 
two weeks the reserve will be for seven days. When a com- 
mercial soiirce of power is available, this in all probability 
will nve more reserve than would be necessary. On the 
other nand, if the charging soiirce is not so reliable, the capacity 
of the battery may have to be increased. For instance, the 
charging of the batteries at an isolated plant may be dependent 
upon a gasoline engine, the failure of which mignt take several 
days for repairs due to time spent in securing repair parts, etc. 
In such a case when the charging is done at intervals of a 
week, it would, perhaps, be necessary to have a reserve suf- 
ficient for a full week's operation, this requiring that the 
computed capacity of the cattery be increased Ey 100 per 
cent. 

Based on the above, it is recommended as good practice that 
the battery provide for a minimum reserve of 50 per cent, 
and that, if local conditions require it, an additional amotmt 
of reserve be added as outlined above. 

Method of Tabulation 

When determining the capacity of a battery the different 
items may be tabulated as snown below; in which— 

L stands for "lever movements per day." 

C stands for "function constant.'' 

D stands for "days operated between charges." 

N stands for "nimabcr of units operated." 

AH stands for "ampere hours per day per signal." 

A stands for "amperes." 

H stands for "hours energized per day." 

Functions LxCxD = ampere hoiurs 

Cut-Outs %oxHxD =« ampere hours 

Lighting Signals AH x N x D = ampere hours 

Auxiliary Apparatus A x H x N x D = a mpere hours 

Total of above = ampere hours 

Reserve to be added = a mpere hours 

Total capacity of Battery « ampere hours 

When the Number of Lever Movements 

IS Not Known 

When it is not possible to ascertain the nimiber of lever 
movements to be made in a given plant, the ampere hour 
capacity of battery required for the operation of functions 
and for cut-outs can be secured from the following table; 
these figures include sufficient reserve to care for ordinary 
conditions. 
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TABLE GIVING BATTERY CAPACITY FOR OPERATION OF 

FUNCTIONS AND CUT-OUTS 



Size of Machine 


Size of Battery 


8 to 16 levers 
16 to 32 levers 
32 to 48 levers 
48 to 88 levers 
88 to 128 levers 
128 to 168 levers 


40 ampere hour battery 

60 ampere hour battery 

80 ampere hour battery 

120 ampere hour battery 

160 ampere hour battery 

200 ampere hour battery 



The table is based on past experience and is considered rea- 
sonably correct for moderate size machines, the battery sizes, 
if anything, being somewhat high. The table is not extended 
for machines larger than 168 levers, as with such plants it is 
believed that special study of lever movements should be 
made in the determination of the batterv size. 

If the signals are to be lighted and auxiliary apparatus 
operated from the interlocking battery, an additional number 
01 ampere hours must be added to the figures in the table, 
the calculation being made in accordance with the preceding 
para^phs dealing with the capacity required for electric 
lighting and for miscellaneous purposes. 
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G. B. S. BATTERY CHARGING SWITCH 
The batteiT chargiiig switch illudxated by Fig. 108 provides 
A simple and efficient means for connecting stOTage battoies 
in series with char^ne and discharge lines, pennitting th« 
batteries to be switched oS or on to the line without opening 
the charging circuit. 

Lhuing the manipulatioB of the switch, short circuiting of 
the battery is avoided bjr automatically insarting a remstaoce 
during the interval that the battery would otho^rise be on 



Fia. 108. B*mBT Chaboins Swircn 

short circuit, which resistance is again cut out as soon as that 
point is passed. 

Manipulation of the switch ia simple, the four different 
positions of the switch controlUof the batt^y as follows: 

1 — Battery A discharging, Battwy B charging. 

2 — Battery A diachai^ng, Battery B open. 
8 — Battery B discharging, Battery A open. 

4 — Battery B discharging. Battery A chai]gii^. 
The charging switch is compact and sufasteintial m design 
and BO arranged to permit of easy inspection. The commu- 
tator possesses a high degree <n insulation. The contact 
Elatce and fitters are lar^e, oeing designed to take care of the 
eavy currenta necessary in this kind of work without heating. 
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DIRECT CURRENT GENERATORS 

General Description of Charging Apparatus 

DIRECT current eenerators of the shunt wound type are 
ordinarily used for storage battery charging. The 
capacities of the generators used in connection with the 
G. R. S. electric interlocking svstem run from 1 to 8 K. W., 
as shown in the table on page 159, the current being delivered 
at a potential ran^ns from 110 to 160 volts. 

Where commercial power is available, it is preferable to 
use a direct connected motor for operating the charging gen- 
erator. Where such power is not available, a gasoline engine 
is generally employed to drive the generator, either by means 
of belting or by being directly connected to the generator. 

The {Sax^roiv is generally controlled through the medium of 
a power switchboard equipped with a no-load, reverse-current 
circuit breaker, which opens the charging circuit if the gen^*- 
ator voltage drops below that of the batteries, thus preventing 
the generator from running as a motor on current delivered 
by the batteries. 

A simplified charging circuit is shown by Fig. 110. In this 
circuit the generator is assumed connected for right-hand 
rotation; to secure left-hand rotation the field connection 
should be reversed. 

Setting up the Machine 

The generator should be located in a room which is as dry 
and clean as possible: a room which is hot and dusty should 
be avoided, particularly if the dirt is of a gritty character, as 
it is apt to injure the commutator and bearings of the machine. 

The machine should be in plain sight and have sufficient 
room on all sides for easy access, care being taken that there 
is sufficient room to permit taking out the armature. 

If the flooring of the power house is firm, the generator or 
motor generator set may be mounted on a wood block three 
or four inches thick, screwed to the flooring; if the floor con- 
struction will not permit this, a concrete foundation should 
be installed. 

When Starting Generator for the First Time 

Before starting the machine for the first time, make sure 
that the main switch and circuit breaker are open (Fig. 110). 
Raise the brushes from contact with the commutator and 
examine them to see if they are in proper condition. Fill 
the bearings with oil. Make sure that the armature and field 
coils of the generator have not become wet during shipment 
or while being stored ; if any sign of dampness is notea they 
should be dried out, following the instructions on page 165. 

Run the generator light for a time, noting whether the oil 
rings are working properly, and if the generator is belt driven. 
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note whether the machine is so lined up that the belt runs 
central on the pulleyB and the armature plays freelv back and 
forth between its bearings. At no-load the speed of the gener- 
tor should be slightly meh, so that at full-load it will come 
down to approximately that indicated on the name plate. 

After making sure that the commutator brushes are still 
raised, cut the rheostat fully "in'' and then close the main 
switch and the circuit breaker (Fig. 110). Cut the rheostat 
"out" gradually and then "in'' again, after which the main 
switch should be again opened. This procedure causes cur- 
rent to flow through the generator fields and insures the 
field coils having a proper residual magnetism. Replace the 
brushes on the commutator and shift the brush holder, if 
necessary, to bring the brushes to the "neutral" position. 
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Fio. 110. SniPLiFiBD CHABaiNG Circuit 

After the machine is running and has built up, the brushes 
should be rocked backward and forward until the point 
of minimum sparking is found. When the machine is run- 
ning under load this should be again checked and the position 
of the brushes shifted again if necessary; lock and leave 
brushes in this position. 

To Start the Charge 

See that the main switch and circuit breaker are open, and 
that the rheostat resistance is all cut "in." 

Get the generator up to speed and make sure that the 
brushes are in proper position and that the oiling rings are 
workine properly. 

See that the belt has the proper tension; that is, it should 
be as loose as possible and yet not slip or tend to run off the 
pulley with load on. 

Cut the rheostat resistance "out" until the voltage is a 
little higher than that of the battery, being sure that the 
voltmeter needle deflects in the same direction for both 
generator and battery (see switch No. 2, Fig. 118). This 
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latter insures that the 'positive terminal of the generator will 
be connected to the positive pole of the battery. 

Close the main switch and circuit breaker and adjust the 
rheostat imtil the proper amount of current is flowm^ into 
the battery, also adjust the brushes if necessary for minimum 
sparking. It will be necessary to change the adjustment of 
the rheostat occasionally as the battery chi^ng mcreases, in 
order to maintain the current at the proper amount. 

To Shut Down 

To shut down, lower the voltage by cutting "in " the rheostat 
until the circuit breaker on the switchboard opens of itsdf 
and then stop the en^ne. If no circuit breaker is provided, 
wait until the current is practically at zero before opening the 
main switch on the battery. After the machine hais stopped, 
relieve the tenaon on the oelt so as to prevent it tram stretch- 
ing during such time as the machine is standing idle. 

General Instructions 

It is hardly, possible to give detailed and complete instruct 
tions in these pages for locating all the troubles which may 
arise in the use of such apparatus. The type of machine 
used for charging storage batteries is so simple, however, that 
by adhering to tne following general instructions, it is believed 
that satisfactory operation ofthe machine will be obtained. 

The generator snould be kept perfectly clean and dry and 
should not be unnecessarily exposed to dust. This can best 
be accomplished by throwing a waterproof covering over the 
machine when not in use. 

Do not overload the machine. To load the machine beyond 
the capacity indicated on its name-plate is never conducive 
to best operation, this bein^ the frequent cause of over- 
heating in the machine, sparking at the commutator, or other 
troubles. 

Overheating the generator may be readily detected by 
applying the nand to the various parts of the machine; in 

general a temperature that cannot be borne by the hand is to 
e considered excessive. An odor of burning varnish is indi- 
cative of serious overheating, and a machine which shows this 
svmptom should have the load removed at once; rotation of 
the armature may be continued with the fields de-enei^ed 
for the purpose of cooline the machine. 

The bearings shotdd oe kept thoroughly lubricated with 
the best grade of lubricating oil. While the machine is run- 
ning, care should be taken &om time to time to see that the 
oiling rings are working correctly. 

Particmar attention should be given to the commutator 
and brushes to see that the former keeps perfectly smooth 
and that the latter are in perfect adjustment. The commuta- 
tor should assume a dark orown, glossy appearance, if proper 
brushes are used and are kept Irom sparking, and if the 
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capacity of the machine as indicated on the name plate is not 
exceeded. The condition of the comniutator and bruHhea may 
be regarded aa the beat barometOT of the condition of tte 
generator. 

The free uae of lubricants on the conunutator is not recoup 
mended. In cleaning the commutator a tdohtly woven doth 
(free from Unt) or chamois skin, should oe used and the 
commutator then wiped with a rag which has a little vaadine 
on it. 

To fit the brushes to the commutator draw No. 00 sand- 
paper undv than, smooth side to the commutator, as shown 
in Tig. Ill, the brushEB to bear on the sandpaper only when 



•[}• 



it is being drawn in the direction in which the surface of the 
commutator will run when the machine is in operation. After 
the brush is shaped to the commutator finish up with No. 
sandpaper and then carefully clean the commutator and 
brushes of all particlea of dust or grit. 

The brushoB shipped with the machine are ordinarily best 
adapted to the work and other brushee are liable to cause 
trouble. A little oil may be applied to the brushes should 
they become dry and noisy. 

U the armature or field coils of the geaiaaXar should become 
wet, they should be thoroughly driea out before running the 
machine unds" load as the moisture is liable to damage the 
windings. The coils of the machine may be dried out tuy 
baldng in an oren at a tonperature of 240 degrees Fahr. 
tor aevenl hours, or if an oven is not available they may 
be dried out by placing near the fire. Anotbar method a 
to run the goierator for several houra without exciting Its 
field. 
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Generator Fails to Build Up 

One of the common troubles which occurs in the operatinjg 
of generators is the failure of the machine to build iip. This 
failure may be generally attributed to one of the following 
causes: 

1. Open circuit due to a broken wire, faulty connec- 
tions, brushes up, fuse blown, open switch, etc. 

2. Reversed connections in field circuit or reversed 
direction of rotation. 

3. Excessive resistance due to poor brush contact. 
Brush contacts often have an excessively high resistance 
when generator is first started, and a momentary pressure 
of the fingers on the brush oi^ brushes may enable the 
machine to build up. 

4. Weak, destroyed or reversed residual magnetism. 
To restore residual magnetism send current from battery 
tlurough the fields in the proper direction. 

5. Brushes not in their proper position. 

6. Short circuit in the machine or in the external 
circuit. 



R. S. A. SPECIFICATIONS FOR ELECTRIC 

GENERATOR (1910) 
1. Material 

(a) The generator shall be shunt wound, self-excited, shall 
have self-oiling bearings, carbon brushes, rheostat, and 
when belt connected, a belt tightener, sub-lraise, and puUey. 

(6) The normal or rated speed shall not exceed fifteen 
hundred (1500) r. p. m. except when direct connected to an 
a. c. motor or steam turbine. 

(c) The generator shall have a continuous current 

capacitv equal to the eight (8) hour rate ( 

ampere) of the battery, at a voltage equal to the maximum 

voltage ( volts) of the battery on chaij^e, 

without a rise in temperature in any part exceeding 
seventy-two (72) degrees Fahr. (40° C.) above the tem- 
perature of the surrounding atmosphere. 

(d) It shall be so wound that its voltage at the con- 
tinuous current rating given above, ma^ be varied by 
means of a field rheostat between the minimum and the 
maximum chai^ng voltage of the battery. 

(e) The generator shall be capable of supplying for four 
(4) hours a current output twenty-five (25) per cent, in 
excess of the continuous current capacity referred to in 
above without a rise in temperature m any part exceeding 
ninety (90) degrees Fahr. (50° C.) above the temperature 
of the surrounding atmosphere. 

(/) It is understood that the temperature of the suiv 
rounding atmosphere is to be based on seventy-seven (77) 
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degrees Fahr. (26^ C.)> but should the temperature varv 
from this, corrections shall be made in accordance with 
the recommendations of the American Institute of Elec> 
trical Engineers. 

(g) The current output of the minimum allowable gen- 
erator shall be that required for the operation of two (2) 
switches simtdtaneously. 

(h) With the brushes in a fixed position, the generator 
shall be practically sparkless under all operating condi- 
tions, as outlined above. 

(f ) These generator specifications describe a machine 
which, in normal power mterlocking service, will have an 
ample overload capacity to meet general requirements. 
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GASOLINE ENGINES 
Genekal Description 

GASOLINE engines, used in the charging of moderate 
sized storage battoies, are generally of the single 
cylinder four cycle typCi water cooled and equipped 
with the "Make and Break electric ignition. The vertical 
type engine is lubricated by the crank dipping into an oil 
twth in the base of the crank case; oil and greaae cups 
are further provided for lubricating parts not so cared 
tor. 

Th« operation of the engine is maintained at a constant speed 
by either r^^ulating the mixture of gasoline vapor or by 
varyii^ the number of power impulses as soon as a cerisin 
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R)eed is exceeded; the engines so controlled are known as the 
Throttling Governor" or the "Hit and Miss" types, respect- 
ively. 

In a common type of engine used for this work, a pump 
supplies gasoline to a reservoir, an overflow pipe being con- 
nected with the reservoir to maintain the easolme at a uniform 
height. At the proper time in the cycle of operation, the 
engine piston sucks air through the air inlet passage and at 
micb a velocity that gasoline is picked up from the reso^roir 
and drawn through an adjustable nozzle into the cylinder 
head, the gasoline mixing with the air to form the required 
e^lodve vapor. 
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Location of Engine 

In locating the engine, at least two feet should be left on 
all sides of engine for convenience in starting and for having 
sufficient room to make necessary adjustments and repairs. 

The gravity system of circulation is generally usea for the 
cooling water. With this system, the tank for the cooling 
water is generally placed on the floor, as shown in Fie. 114 ; best 
results are secured, however, by having the tame elevated 
enough to brin^ the bottom above the lower water opening on 
the engine cylmder. Connections should be as shown, laive 
enough piping being used to permit free circulation of the 
water. Valves F-F must be inserted in the pipe line to i)ermit 
drawing off the water from engine in freezing weather without 
emptying the tank. 

The gasoline tank should be located outside of the building. 




Fia. 116. Gasoline Tank Location 



and with engines equipped with a gasoline pump, the tank 
should be placed at a lower level than the engine, so that when 
the eneine is idle the gasoline will drain back into the tank. 
In making the connections between the sasoline tank and 
engine, care must be taken to wash out all piping and joints 
with g^Eusoline to remove any loose matter or Bcsde from the 
interior of such connections. 

To Start Engine 

See that engine is properly oiled and that water and gasoline 
valves are turned on. Pump gasoline into reservoir. Fill 
priming cock on head of cylinder; this may not be necessarv 
in warm weather. Make sure that spark leva* is in "retard 
or ''late" position, then close switch to ignition circuit. 

Turn engine fly-wheel in normal direction of rotation. 

After ienition occurs, remove starting crank, advance spark 
lever to -early'' position and regulate the throttle valve. It 
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will be found that this last adjustment varies with the tem- 
perature, requiring much coarser adjustment with cold weather 
than with warm. 

Load should not be thrown on the engine until after it is in 
operation. 

To Stop Engine 

Close throttle valve and open switch on battery. If it ib 
freezing weather, water should be drawn off from engine. 



GASOLINE ENGINE TROUBLES 

Ignition Troubles 
Engine misses or fails to start 

(a) Weakened Batteries. 

(b) Strong Batteries, but with following defects: 

1. Switch in "opp" position. 

2. Insulation on wire worn, causing short circuit. 

3. Circuit open by broken or loose connections. 

4. ''Make and Break" mechanism inoperative, due 

to broken spring, bearing stuck, etc. 

5. "Make and Break" mechanism contacts fouled. 

6. "Make and Break" adjustments incorrect. 

7. Broken down spark coil. 

Carburetion Difpiculties 
Engine missea or faita to start 

(a) Fuel Supply — tank and pipe line : 

1. Tnrottle valve dosed. 

2. Tank empty. 

3. Tank vent stopped up. 

4. Grasoline pump moperative. 

5. Gasoline pipe plugged. 

6. Water in gasoune. 

(b) Mixture too rich: 

1. Throttle valve adjustment incorrect. 

2. Air passage clogged. 

(c) Mixture too weak: 

1. Throttle valve adjustment incorrect. 

2. Sprav valve partially stopped up. 

3. IntaKe pipe leaky. 

Loss OF Compression 
Engine misses, looses power, or fails to start 

(a) Improper valve operation: 

1. Valves do not lift at proper time; due to loosening 

or stripping of gearing on cam or crank shafts. 

2. Valves fau to seat properly or too slow; due to 

weak spring. 
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3. Worn cam foUowers, cams, push rods, etc. 

(b) Leakjr piston rings. 

(c) Priming valve open or leaky^. 

(d) Leak in cvlinder head packing. 

(e) Failure of lubricating ff^stem (engine hot) : 

1. Oil valve shut off. 

2. No oil in oil cups. 

3. Oil drained out of crank case (vertical engine). 
(J) Failure of cooling system (engine hot) : 

1. Valve in water piping closed. 

2. No water in cooling tank. 

3. Water below normal level (gravity system of 

circulation). 

4. Water pipins plugged. 

5. Pump out of order (forced circulation). 

Cannot Crank Engine 

(a) Engine heated due to faUure of lubricating or cooling 

systems. 

(b) Crank or connecting rod bearing overheated or seized. 

(c) Piston overheated or seized. 

(e^) Timing ^ears broken or jammed, 
(e) Connecting rod disconnected, broken or bent. 
(/) Crank shaft broken or bent. 

(g) Water in pump frozen (force system of water circu- 
lation). 

Mechanical Difficulties 
Engine misses, looses power, or fails to start 

(a) Externally apparent: 

1. Valve sprine weakened or broken. 

2. Valve stem bent, broken, or gummed. 

3. Valves leaky (carbon on seats). 

4. Valve stem and cam-follower always in contact 

(no clearance). 

5. Muffler or exhaust pipe obstructed. 
(&) Internally apparent: 

1. Cylinders or valves carbonized. 

2. Piston rings gummed or broken. 

3. Leaky piston rings, aiota in line. 

4. Cam nead worn, shifted or broken. 

5. Piston head or cylinder wall cracked. 

6. Piston rings and cylinder wall scored. 



Loes OF Power WrrHOUT Missing 

a) Ignition system adjustments wrongly set. 

b) Ciarbureter adjustments wrongly set. 

(c) Lubricating system operating imperfectly. 

d) Cooling system operating imperfectly. 

e) Poor valve operation. 

(/) Batteries wwkmed, giving poor spark. 



r 



174 GESNBRAL RAILWAY SIGNAL COMPANY 

(g) Mechanical difficulties, such as worn valve connections, 

etc. 
(fi) Intake pipe leaky, 
(t) Muffler or exhaust obstructed. 
0') Engine bearings overheated. 



EDITOR'S NOTE 

Above articles based on data furnished by Fairbanks^Morse & 
Company. 

R. S. A. SPECIFICATIONS FOR GASOLINE ENGINE 
WITH FUEL AND WATER TANKS (1910) 

1. Engine 

(a) The recommended brake horse power of the gasoline 
engine shall be not less than one and three-fourths (1%) 
times the kilowatt capacity of the generator at the maxi- 
mum voltage and the eight (8) hour charging rate. 

(b) The engine shall run without injurious vibration and 
shsill operate continuously at Manufactiu'er's specified 
capacity for a period of sixteen (16) hours without injurious 
heating in an^r part. 

(c) Regulation in speed shall be within three (3) per 
cent, from no load to full load and the regulation as re- 
corded on the voltmeter for a given ciurent shall not vary 
more than two (2) per cent, between impulses. 

(d) Electrodes on the engine for electnc ignition shall be 
tipped with platinum or an equally serviceable material. 

(e) Manufacturer's standard exhaust muffler shall be 
provided. 

(/) Engine and accessories shall be acceptable by and 
installed under the rules of the National Board of Fhre 
Underwriters and the attached requirements of local 
authorities. 

(g) Engines of twenty-five (25) horse power or less shall 
not exce^ a speed of four hundred (400) r. p. m. 

2. Tanks 

(a) Grasoline tank of gallons capacity shall 

be furnished. Fuel and cooling taiflos shall oe made of 
iron or steel with brazed or riveted seams. 

(&) Tanks shall be galvanized after th^y are put toeether. 

(c) For tanks either for fuel or water, selection shall be 
made, when practicable, from the following table: 

GaUons XnctaMiii InehMin Gauge matol 

caiMMlty diameter length Head Body 



66 


18 


68 


14 


16 


120 


24 


66 


12 


14 


500 


36 


120 


10 


12 



As a guide in ordering tanks, it is good practicQ to con* 
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aider that it will require one-tenth ^o) of a gallon of gaso- 
line per horse power hoxu* for gasoline engines. 

{a) For cooling, the minimum of free running water 
should be not less than ten (10) eallons per horse power 
hour, and for the circulation tank system not less than 
fif^ (50)gallons ^er horse power. 

(e) Sufficient pipii^ shall be furnished to locate the 
gasoline tank feet from the eneine. 

(/) Unions in all piping shall be equipped with ground 
brass seats. 

(g) Unless otherwise specified, an iron or a steel cooling 
tank of sufficient capacity for a continuous run of ten (10) 
hours on one (1) filling, with connections and removable 
cover, shall be furnished. Connections between eneine 
and tank shall be arranged for convenient and complete 
drainage of the cooling system, for independent drainage 
of the engine and tank, and to conduct all waste water 
and steam to the outside of the building. 

(h) When engine is installed in same buildine with 
storage batteries outside air intake shall be provided. 
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Fio. 130 

LzoHTiNo Pansl with Fiyb 

SxNGLB Pole, Sinolk 

Throw Switches 




Fio. 131 

LioBTiNO Pansl with Tbbu 

DoxTBLE Pole, Sinole 

Thbow Switches 




Fio. 132 

LxGHTiNo Panel with Ten 

Single Pole. Single 

Thbow Switches 




Fio. 133 
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Pole, Single Throw Switghbb 
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Double Throw 
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Fig. 134 

Liqhtino Panel with Two 

Double Pole, Double 

Throw Switches 
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SECTION VII 



INSTALLATION AND OPERATING DATA FOR 
ELECTRIC INTERLOCKING MACHINES 



COVERING INSTRUCTIONS FOR INSTAL- 
LATION AND MAINTENANCE; ALSO 
DATA FOR THE APPLICATION AND 
OPERATION OF LEVER LOCKS 
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INSTRUCTIONS COVERING THE INSTALLA- 

TION AND MAINTENANCE OF THE 

MODEL 2 ELECTRIC INTER- 

LOCKING MACHINE 

Shipment 

BEFORE shipment the interlocking machine is assembled 
complete in every detail and subjected to a rigid electric 
and mechanical test. It is then partly disassembled, 
the levers, lever tappets and locking, the lees and lower tiers 
of locking plates (if furnished) being boxed separately from 
the body of the machine. This latter is then divided into 
sections of approximately forty lever spaces and boxed 
on skids for shipment. Before boxing, all machined parts 
are wiped dry and coated with vaseline to guard against the 
effects of rust during. transit. 

Storing 

Upon the receipt of the machine it should be stored in a 
dry place. If some time passes before the machine is set up 
and there is any chance of its different parts rusting, these 
parts should be wiped dry and recoated with vaseline. 

Installation 

The first step in the assembly of the machine is to bolt the 
sections to their supporting legs and the various sections to 
each other. The legs are numbered and the machine beds 
marked to correspond. Extreme care cdiould be taken in 
shimming up under the le^s to insure accurate alignment of 
the bed ana an even distnbution of the weight on the sup- 
porting legs. Failure to do this, especially in a laige machine, 
IS very likely to result in binding between the various parts of 
the mechanical locking. 

The second and third tiers of locking plates, if used, should 
be assembled on the machine, care being taken to place the 
templet furnished for the purpose in the horizontal and vertical 
locking slots before doweline the locking plates to their sup- 
port. Never file the screw holes when mounting these plates 
since this is not necessarv if the bed has its correct alignment. 
To permit of the plates being placed in the same location as 
when the machine was assemoled in the factory, the second 
tier of plates are numbered 1, 2, 3, etc., from left to right, and 
the third tier lA, 2A, 3A, etc., also from left to right. 

The locking should then be assembled in the locking plates 
and the lever tappets placed in their proper positions. Each 
locking doe is stamped with the number of the tappet with 
which the doe is to engage and the locking bars with numbers 
to correspona with the slot in which they are to be placed, 
these slots being numbered in sequence from the top of the 
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lockiiig bed to the bottom (thirty-two slots oer tier of lockins). 
Each tappet is stamped with the number of the lever to which 
it is to be attached. 

The levers should then be placed in their respective guides, 
and worked back and forth to insure that they operate freely, 
that they are checked at the normal and reverse indication 
points, and that they can be moved to the full normal and 
rail reverse when indicated. (Signal levers are not indicated 
on the reverse movement.) Tne circuit controllers and 
tappets should be carefully fastened to their respective levers, 
and the levers tried for freedom of movement with all worldng 
parts connected. 

The buss bars, buss wires and the connections between the 
individual polarized relays, which have been separated during 
shipment, should be securely connected by joining the short 
leads provided on the machine for the purpose. 

Testing 

A careful test should be given to the mechanical locking 
bv setting up the various routes in accordance with the track 
plan or manipulation chart, testing the various levers in the 
route to see tnat they are locked and likewise testing all levers 
which conflict with the given route. This will insure that 
none of the locking parts nave been omitted in assembling. 

When wiring up tne interlocking machine it is well to check 
up the controller contacts to see that all special contacts 
called for by the wiring plans have been provided. 

The lever and its connections will be checked up as the 
individual functions are tested out; i. e., the completed opera- 
tion of the function normal and reverse, shows tnat the lever 
wiring is correct, its controller springs making good contact, 
that the indication magnet operates properly,* and if the func- 
tion is a switch, that the indication selector also is giving 
proper operation. If desired, a check can be secured on the 
polarized relays by making the cross protection tests described 
on page 94. 

Maintenance 

The maintenance of the interlocking machine principally 
conasts in keepins the machine cleaned, all connections tight, 
and of wiping with an oiled rag at stated intervals such parts 
as are liable to rust. 

When cleaning or oiling the locking, it should not be re- 
moved from the interlocfing machine. Use only high-grade 
oils, such as *'3 in One," "Hydrol" or ''Polar Ice." 

Commercial fuse wire should not be used to replace the fuses 
funiished with the machine, since commercial wire is not 
carefully graded and may carry a much larger current without 
melting t&n the fuses secured from the manufacturer. 

As a glenoid statement, it may be said that the operation of 
the vanous functions is a good check on the condition of the 
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interlockiiig machine, dnce the completed openttion of the 
vnrioua fimctiona pvra assurance as to the integrity of all parts 
of their oprastiog circuits. It is well, nererthelesB, to antici- 
pate the pOBSibiBty of looee connections, etc., and at stated 
intervals to make inspections of the ^Aerent connections, 




Kote location of poUiUed relays. 



contacts and various mechanical parts on the interlocking 

machine to insure that all parts are K^t in the best condition. 

As mentioned above, the operator may assure himself ai ' 
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INSTRUCTIONS FOR CUTTING AND TESTING 

NOTCHES FOR LEVERS CONTROLLED 

BY LEVER LOCKS 

WHERE lever locks are applied to machines before ship- 
ment from the factory, the notches are cut in the 
levers as nearly right as possible, it being understood 
that before the machines are put into service on the ground 
the clearance will again be checked up by test and the 
notches cut out further, if necessary, to give the proper clear- 
ance. This clearance should be at least equal to tnat indi- 
cated below when the lever in question is locked by other 
levers through the medium of tne tappet locking, and also 
when said lever is pulled or pushed Hard in either direction 
to take up all lost motion, the lever latch being lifted at the 
time. 

The lever should be tested as above for clearance for every 
combination that locks it. 

In making the test for clearance, proceed as follows: 

With the lever full normal (Fig. 139), set up some one com- 
bination that locks it; lift lever lock (A) by applsring current, 
also the lever latch ^B), and pull the lever strongly toward the 
reverse i)08ition, as indicated by the arrow, thus taking up all 
lost motion, and then with a scriber mark this position of the 
lever. Then drop the lever lock by cutting off the current, 
release mechanical locking that is holding the lever, and again 
puU the lever toward the reverse position until it takes up 
a^inst the lever lock, and again mark the position of the lever 
with a scriber. The distance between these scriber marks 
wiU then tell the clearance '' D " existing. Kei)eat this process 
for every combination that locks the lever in its normal posi- 
tion, and if the clearance ''D'' thus found is less than one- 
eighth inch, the notch in the lever is to be cut out further to 
give the proper clearance. 

Then with the lever full reverse (Fig. 140), set up some one 
combination that locks it ; lift lever lock (A) by applying cur- 
rent to it, also the lever latch (B), and push the lever strongly 
toward the normal position as indicated by the arrow, thus 
taking up all lost motion, and then with a scriber mark this 
position of the lever. Then drop the lever lock by cutting off 
the current, release the mechanical locking that is holding the 
lever, and again push the lever toward the normal position untU 
it takes up against the lever lock, and again mark the position 
of the lever with a scriber. The distance between the two 
scriber marks will then tell the clearance "D" existing for the 
reverse position of th% lever. Repeat this process for every 
combination that locks the lever m its reverse position, and 
if the minimum clearance ''D'' thus found is less than three- 
sixteenths inch, the notch in the lever is to be cut out further 
to give the proper clearance. 
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Tests must also be made to determine that the clearance (C) 

is sufficient to permit the lock to drop into its notch when the 

lever is pushea as far normal as it is possible to ^et it, or is 

pulled as far reverse as it is possible to pull it. This clearance 

C" can be checked by causing the lock plunger to be raised 



-UVCR LATCH B 

■nXEO STOP FOR LEVER LATCH B' 

-LOOK PLUMBER *'A' 

-nxeo 6UI0C for lock plunserV 

■REVERSE NOTCH 




•-TAPPET BAR 

Fio. 139. Notching of Letsb fob Lever Lock. Normal Pobitxon 




LEVER LATCH B 

NORMAL NOTCH- 
FIXED STOP FOR LEVER LATCH %' 



-FIXED OUIOE FOR LOCK PLUNGER A 



LOCK PLUN6ER A 




:i ^riXED SIKOE FOR TAPfET 8AR 

tappet bar 
Fig. 140. Notching of Lever for Lever Lock. Reverse Position 



and lowered, by making and breaking the circuit thus applying 
energy to the lock, and if the plunger drops into the notch it 
is known that the clearance is there. 

In cutting the notches see that the comers are left square 
and the surface that comes against the lock plunger is vertical, 
so that there may be no tendency to force the lock plunger out 
by pulling hard on the lever. 
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Test each lock b^ putting on and taking off current several 
times to see that it works properly. If proper, its operation 
will be quick and sharp. 

Interlocking levers should be tested periodically when in 
service, in accordance with above instructions, to see that 
sufficient clearance exists between the lock plunger and the 
notch in the lever. 

It will be sufficient if above inspection is made once a year. 

When lever locks are applied to interlocking machines after 
they have been installea it is sometimes necessary to get 
admtional clearance between the lock plunger and the lever 
euides. This is to prevent the plunger from sticking to the 
lever guides when the lock is energized. 

The lever guide should be marked and chipped where 
necessary, so that no part of the lever guide will oe closer to 
the plunder than one-eighth inch. 

Tne chipping should be done with a light hammer and a 
small cape chisel, and every precaution should be taken to 
prevent the chips of iron from getting into the indication mag- 
net coils. 



ENERGY DATA FOR INDICATION MAGNETS FOR MODEL 2 

INTERLOCKING MACHINE 



Indication 
Magnet for 


Ohm8 
Resis. 


For Satisfactort Operation 


Should Indicate on 


Should not Indicate on 


Volts 


Amps. 


Volts 


Amps. 


Solenoid Dwarf, . . 
Model 3 Signal, . . 
Model 2A Signal. . 
L. V. Battery, . . . 
Switch Madiine, . . 
A. C. 25 Cycles, . . 
A. C. 60 Cycles, . . 


800 
1.42 
6.80 
13.60 
1.42 
7.00 
7.00 


90 • 
1.85 
3.06 
4.35 
1.85 

35 

85 


.112 

1.30 

.45 

.32 

1.30 

• • • • 

• • • • 


50 
1.28 
2.58 
3.40 
1.28 

• • t • 

• • • • 


.0625 

.90 

.38 

.25 

.90 

• • • • 

• • • • 



Note. — Values given above are lor magnets mounted on interlocking 



machine. 
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Obnu 


llUAniDI. 


VO.« 


H.6 


360 


S.2 


36 


238 


8 


75 


173 


13 


120 


133 


IB 


2S0 


120 


30 


1400 


le 


M 


IBOO 


53 


SO 



«^Kr* 


rtequanoy 


VO<» 


36 

8.6 


28 cycle. 

eOcyol» 


26 
25 



Kora.— Voluw dven in above table are (be nunimum on which the lock 
will operate. Add 10 per cent, for piactical opera^n. Drop away voltac* 
etjnali 60 per sent, of the minimum operating voltace. 
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SECTION VIII 



INSTALLATION AND OPERATING DATA FOR 

SWITCH MECHANISMS 



COVERING INSTRUCTIONS FOR IN- 
STALLATION AND MAINTENANCE, 
ENERGY FIGURES, CLEARANCES 
REQUIRED, DIMENSIONS, TIE 
FRAMINGS, STANDARD LAYOUTS, 
AND TYPICAL CIRCUITS; ALSO 
DATA ON DETECTOR BAR FIT- 
TING^ SWITCH CIRCUIT CONTROL- 
LERS AND BRIDGE CIRCUIT 
CLOSERS 



^ 



INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 2 SWITCH MACHINE 



A 



Storing Mechanisms 

LL mechanisms and motors should be placed right side 
up on timbers to raise them above the ground. The pole 
changers should be housed in a dry place. 

Installation 

In making the installation, the first operation is the framing 
of the ties. This should be in accordance with the plan 
shown by Fig. 142. All dots cut into the ties should be care- 
fully cleaned of dirt, chips, etc., before the tie plate is put 
down and the gearing assembled. 

Unless special features are required, all holes in the tie plate 
are drilled before leavins the factory, with the exception of 
those for the toe and slide plates. These should be so located 




Fia. 142 Tis Framino for Model 2 Switch MACHnno 
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that, when the slide plates, toe plates, and rail braces are in 
place, the proper track eauge wiU be ri^dly maintained. 

The vanous parts of the switch machine, with the exception 
of the locking plunger, should then be assembled. In placing 
the motor, care should be taken to secure proper alignment ca 
the connection between the motor and mam gear. 

The throw and lock rods may be connected at this time and 
the lock plunger holes in the throw rod drilled. The lock rod, 
however, shomd not be drilled imtO it is certain that the track 
has its final alignment and the rail braces have been fitted, 
thus insurine that there will be no change in the relative 
position of the switch points and switch mechanism. Special 
care should be taken when marking the lock rod to see that the 
switch points are brought tightly up against the stock rail. 
The most accurate method of marking the rods is to withdraw 
the lock plunger and to insert in its place a piece of steel 





o o o 



FiQ. 144 Fio. 145 

Fields in Series. Fidds in Multiple. 

WlBINQ FOB MOTOBS, MODEL 2 SWTTCH MACHINE 

tubing' having an outside diameter of one inch, this tube 
being pointed so as to make a clear cut mark on the surface of 
the rod. After putting the machine in service, the top of the 
lock rod should be notched slightly, as shown by P,, Pj, Pa and 
P4 in Fig. 146, to permit of a quick inspection being made as 
to its accurate adjustment. 

In wiring the machine, suitable conduit should be installed 
to protect the wires running between the tninking and motor, 
ana the motor and pole changer. 

Adjustments 

Before making anv adjustments with the machine wired up, 
the brushes should be raised from the motor armatiire. 

It is necessary that the detector bar be disconnected while 
making adjustments 1 and 2. 

1. Flunger Connection, 

With the machine placed in either e3rtreme position (that 
is with stud F at either end of the stroke in cam crank £), 
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the driving rod G eihotild be adjusted to such a length that the 
end of lock plunder I will be flush with the outdde face of the 
lock frame (see Fie. 146). This adjustment never varies, and 
it should not be chaneed after once being made correctly. If 
Incorrectly made it is liable to cause ind&tion &ilure. 

2. Pole Changer Mavenunt, 

When locating pins in the lock rod K for the operation of the 
pole changer movement, move the switch machine to the 
extreme position as shown in Fig. 143. Locate pin Q. so that 
link R will just clear cap S| by five-sixteenth inch (Fig. 146). 




Fio. 146. Pole Ghanoer Movement L fob Model 2 Switcr 

Machine 

Lock plunger I ia shown at end of its travel and not in position corr&* 
sponding with that of link R. 

Then throw the switch to the other extreme position and 
locate pin Qa in a similar manner. When assembling the 
pins on the lock rod, drill, tap, and countersink the lock rod as 
shown in Fig. 148. 

3. Pole Changer Cowneeticn, 

Any lost motion between the pole changer movement L and 
the pole changer B must be equal at the full normal and full 
reverse position of the switch machine. To secure Uiis, adjust 
the connecting rod M with the switch machine in either of its 
extreme positions. Test with the machine first in the full 
normal position and then in the full reverse position, pushing 
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and pulline the rod M Btrongly to det«nnine the total distance 
it ia poBsiDle to be moved. Repeat the adjustment until the 
desired result is ot)taiiied. Thia adjustmeot never varies in 
service and it should oot be changed after once being made 
correctly. If it is not made correctly it is very liable to pre- 
vent the indication being given on the movemoit of the switch 
to the position wliere the greatest lost motion exists. 

4. Pole Oumi/er Commutator. 

The commutator T (Fig. 147) must revolve fredy in its 
t)eariiKa, care being taken that the contact springs U„ U, 
and l^ do not have so much tension as to prevent spring V 
from snapping the commutator over. Adjust so that with 
machine fml normal or reverse, roller W and pin X are in the 



r^" 



#«: 



j L .'izr)conTRotniHe3 

' ■* — rir4AHi Common 

Fig. 147. Pole Chanqib Wihino, Model 2 Swncu Uachine 

relative positions shown. The adjustment of the commutator 
must be such that the snapping action will take place at such a 
time that the amount of movement in the contact blocks Z, 
and Z„ which precedes the snapping action, will be equal for 
the normal or reverse movement. To be certain that this 
result is obtained it will be necessary to move the mechanism 
a number of times by hand very alowiy. Failure to have the 
adjustment right will be almost certain to result in damage to 
the insulating cylinder, due to arcing between the contact 
spring and the contact cylinder, and may prevent indication. 

Tbe contact springs U, and U, are provided with slots which 
will permit the springs, when resting on the insulated portion 
of the commutator, to be centrally located. 

After the commutator ai'justnients have been completed and 
machine worked sufficiently to insure correct action, remove 
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one of the set screws from the collar Y, drill into the shaft 
and replace the screw, running it down until it locks the com- 
mutator to its shaft; repeat this operation with the other 
screw located in the collar. 

In connecting up the operating coils to the contact sprii^ 
Ui and \Ji, be sure to see that when the commutator is in its 
full normal or full reverse position, the contact sprins which 
rests on the metal cylinder does not carry current. This can 
be done by lifting it dightly; if a spark results it shows that 
the contact springs should be interchanged. 

5. Throw Rod. 

The nuts on the throw rod must be placed so that the switch 
points will be brought up against the stock rail snugly, but 
not screwed up far enough to put any unnecessary strain on the 
rod. Under normal conditions, with the throw rod adjusted 
as above, a single switch or derail should permit of hand 
operation (without the aid of a wrench or tomm^r bar) by 
turning the intermediate gear D|. If it is not possible to do 
this, s^s should be taken to get the switch into this condition. 

6. Lock Rod. 

The drilling of the lock rod should be such that the lock 
plunger will enter either hole with the switch full normal or 
full reverse, but will be prevented from entering if a piece of 
metal one-eighth of an inch thick is placed between the switch 
point and the stock rail. 

7. Detector Bar. 

To adjust the detector bar, place it in the desired position 
relative to the top of the rail and adjust the connection N to 
such a len^h that with the switch machine in either extreme 
position, pm may be inserted without changing the position 
of either the detector bar or switch machine. 

8. CltUch. 

The nut on friction clutch C, by which the compression of 
the spring is increased or diminished, should be locked in a 
position which will enable the motor to operate the switch 
under normal conditions, but will permit the clutch to slip if 
there is an obstruction in the switch points. This is deter- 
mined by starting with the nut unscrewed and gradually 
tightening it up until the motor operates the switch without 
any slipping of the clutches. 

Before any adjustments are made on the friction clutch, 
separate the cones from the pinion and oil the clutch cones. 

Testing 

The preferred method of testing the operation of the switch 
mechanism is to operate it by hand, making sure that the motor 
brushes are raised before attempting to move the machine. 
This method should be employed as a regular practice. 

If it should become necessary to operate the switch by 
power, the tests on the switch machine should be carried on 
under the protection of the operating lever, whenever the 
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conditions are such that the leverman can readily receive and 
act on signals given him by the man on the ground. 

On the rare occasions when it is not practical to conduct 
the test under the control of its lever, power may be applied 
locally by taking both control wires off from their respective 
bindine posts (for contact springs U4 and Us, Fig. 147) in the 
pole changer, and having first connected epring U, with a 
short piece of wire to the open control contact spring (spring 
U4, Fig. 147), current mav be sent through the motor by plac- 
ing the energized control wire in connection with the other 
control contact spring (spring Us, Fie. 147) ; with these con- 
nections the mechanism will be brought to rest upon the com- 
pletion of its movement without shock. Reverse these con- 
nections to secure operation in the opposite direction. 

After the machine is completely adjusted, safety requires 
that it should be operated from the interlocking station sev- 
eral times, making sure that with the lever in its normal posi- 
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Fio. 148. DBiLUOfa for Finb Qi and Q, in Lock Rod K 

tion the switch points will correspond with their position as 
shown on the track plan. 

Maintenance 

1. Meehaniiim, • 

When inspecting the switch machine always note the posi- 
tion of the lock plunger relative to the face of lock frame. If 
it is not flush with the outside face of the lock frame, make 
sure that stud F is in the comer of cam crank £. With the 
switch adjusted correctly and the stud F at the end of its 
travel, there are two conditions which would be responsible 
for the pluneer not reaching its proper position. 

First — The rails may have shirted and altered the throw 
of the switch points, which will put an unusual strain on the 
switch machine and prevent the full movement of the lock 
plunger. This will be determined by operating the switch by 
nancL 

Second — The detector bar may have been thrown out of 
adjustment by the shifting of the rails, this preventing the 
generation of the indication current. Necessity for readjust^ 
ment is determined by disconnecting the bar, placing it 
in proper position and the switch machine in either extreme 
position; if it is not possible to replace the pin without 
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moving either the machine ot detector bar, the connections 
shotild be readjusted. 

On each inspection examine the friction clutch to see that it 
slips properly on overload. 

2. Jlioeor. 

The motor commutator or brushes should not be disturbed 
unless found necessary. If the commutator becomes dirty, it 
should be cleaned with chamois skin moistened with oO, any 
surplus oil being wiped off the commutator by a dry piece of 
chamois. 

If it becomes necessary to put a new brush into a motor, 
the brush after being put in position should be seated to the 
commutator by drawing thin, fine sandpaper under the bnudi, 
at the same time pressing the brush against the commutator; 
the smooth side of the sandpaper shomd be aeainst the com- 
mutator. Use for this purpose "00 Single finishing Flint 
Sandpaper." 

3. SmaU Parts. 

All cotter pins, lock washers, binding posts, small nuts and 
screws, should be inspected at stated intervals to see that they 
are not workii^ loose. 

4. Contcu^ Surfaces, 

The pole changer contacts should be kept clean and bright. 

5. OU. 

Moving parts not exposed to the weather should be well 
oiled once a month. All parts, the bearing surfaces of which 
can be reached b^ rain, should be oiled immediately after each 
storm. The friction clutches should be oiled on each inspec- 
tion trip. 



INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 4 SWITCH MACHINE 
SroRDia Mbchanishs 



In makiiig the installation, the first operation is the framing 
of the tiea. This should be in accordance with the plan 
ahown by Fi^, 149. 

Unleee special features are required, all holes in the tie plate 
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are drilled before leavine the factory, with the exception of 
those for the toe and Aide plates. These should be so located 
that when the slide plates, toe plates, and rail braces are in 
place, the proper track gauge will be rigidly maintained. 

The switch machine should then be bolted down to the tie 
plate and the throw and lock rods connected. 

Adjustbients 

As the switch machine is completely assembled in the factory 
and all parts adjusted to meet the conditions under which the 
mechanism is to operate, there is very little in the way of 
adjustments necessary to be made. 

After the machine is wired up, before making any adjust- 
ments which may be required, the brushes should be raised 
from the motor armature. 

1. Throw Rod. 

The nuts on the throw rod must be placed so that the switch 
points will be brought up against the stock rail snugly^ but 
not screwed up far enough to put any unnecessary strain on 





FiQ. 151 Fio. 152 

Fields in Series. Fielda in Multiple. 

WlBING FOB MOTOBS, BiODBL 4 SWTTCH BLLCHIMB 

the rod. Under normal conditions, with the throw rod adjusted 
as above, a sii^le switch or derail should permit of hand 
operation, by using the crank provided for the purpose. If it 
is not possible to do this, steps should be taken to get the 
switch into this condition. 

2. Lock Rod, 

The adjustment of the lock rod should be such that the 
locldng dog H| or H, will enter its proper notch in the lock 
rod I with the switch full normal or full reverse, as the case 
may be, but will be prevented from entering if a piece of metal 
one-eighth of an inch thick is placed between the switch 
point and the stock rail. 

8. Detector Bar. 

To adjust the detector bar, place it in the desired position 
rdative to the top of the rail and adjust the connections to 
such a length that with the switch machine in its extreme 
position, pin P may be inserted without chan^ng the position 
of either the detector bar or switch machine. Check this 
adjustment with the bar anS switch machine in the opposite 
position and readjust if necessary. 
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4. CUadt. 

Th« nut on Mction clutch C, hy means of which the coin- 

fireaaioii of the spring Ib increased or diminished should be 
ocked in a pcndtion which will enable the motor to operate 
the switch under normal conditions, but will pemut the 
clutch to slip if there is an obstructicni in the switch points. 
This is determined hy starting with the nut unscrewed and 
gradually tightening it up, untu the motor opentea the switch 
without any slipping of tne clutches. 



^t 
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The i^referred method of testing the operation of the switch 
mechanism is to operate it by hand by means of the crank 
provided for this purpose, Brst mHiring sure that the motor 
bruBhes are raised before attempting to move the machine. 
This method should be employed as a regular practice. 

If it should become neceesary to operate the switch by 
pow^, the tests on the switch machine should be carried on 
under the protection of the opeiating lever, whenever the con- 
ditions are such that the leverman can receve and act on 
signals given him by the man on the ground. 

On the rare occamona when it is not practical to conduct 
the teat imder the control of its lever, power ma^ be applied 
locally by taking both control wires off from their respective 
binding poets (for contact springs Q, and Q„ Fig. 163) in the 
pole changer, and having first connected common post R 
with a short piece of wire to the open control contact qiring 
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(spring Qi, Fig. 153), current may be sent through the motor 
by placing the energized control wire in connection with the 
other control contact spring (spring Q„ Fie. 153) ; with these 
connections the meclumism will he brou^t to rest witJiout 
shock upon the completion of its movement. Reverse these 
connections to secure operation in tiie opposite direction. 

After the machine is completely adjusted, safety requires 
that it should be operated from the interlocking station several 
times, making sure that with the lever in its normal position, 
the switch points will correspond with their position as shown 
on the track plan. 

Maintenance 

1. Mechanism. 

Shifting of the rails may prevent correct operation of the 
switch machine in the following manner: 

First — By altering the tfiow of the switch points, an 
unusual strain will be put on the switch machine which will 
prevent the mechanism from locking up. This will be deter- 
mined by operating the switch by hand. 

Secom — The ^tector bar may have been thrown out of 
adjustment, this preventing the generation of the indication 
current. Necessity of readjustment is determined by dis- 
connecting the bar, placing it in proper position and the 
switch machine in its corresponding extreme position; if it is 
not possible to replace the pin P without moving either the 
machine or detector bar, the connections should .j? readjusted. 

2. Motor. 

The motor commutator or brushes should not be disturbed 
unleas found necessary. If the commutator becomes dirty, 
it should be cleaned with chamois skin moistened with oil, 
any surplus oil being wiped off the commutator by a diy piece 
of chamois. 

If it becomes necessary to put a new brush into a motor, 
the brush after bein^ put in position should be seated to the 
commutator by drawinp^ thin, fine sandpaper imder the brfi£^, 
at the same time pressing the brush a^inst the commutator; 
the smooth side of the sandpaper should be aflninst the com- 
mutator. Use for this purpose "00 Single Finishing Flint 
Sandpaper." 

3. SmaU Parts. 

All cotter pins, lock washers, binding posts, small nuts and 
screws, should be inspected at stated intervals to see that they 
are not working loose. 

4. Contact Surfaces. 

The switch circuit controller and pole changer contacts 
should be kept clean and bright. 

5. Oil. 

Moving parts not exposed to the weather should be well 
oiled once a month. All parts, the bearing surfaces of which 
can be reached by rain, should be oiled immediately after each 
storm. 
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OPERATING DATA FOR SWITCH MACHINES 



Function Operated 


Operating 
Current 


Operating 
Time 
Udng 

Haxlmimi 

Length 

Control 

Wlree 


Amp. 


Seconds 


Switch Machine, Model 2. Switch or Derail* . . . 

Switch Machine, Model 2. Double Slip or M. P. 

Frog, 


6.0 

10.0 
4.6 

7.0 
4.6 

7.0 


2 

2.2 
3 

3.2 
3 

3.2 


SwitchMachine, Model 4A, Switch or Derail,. . . 

Switch Machine, Model 4A, Double Slip or M. P. 

Frog, 


Switch Machine, Model 4B, Switch or Derail, . . . 

Switch Machine, Model 4B, Double SUp or M. P. 

Frog, 






Fia. 166. DiAQBAM Showing Comparatzts Clbabances of Model 2 

AND Model 4 Switch Machine 
Normal location. 



Rail Section 


Dimension A Model 2 Switch Machinb 
(See Note.) 


A. R. A.— Type A. 


A. R. A.— Type B. 


A. S. C E. 


Lbs. per Yd. 


Inches 


Inches 


Incbes 


60 
70 
80 
90 
100 


22% 
23V4 
2494 
2694 
2SV4 


21 

22%6 
24 

26%6 
26i94e 


21)4 
2294 
24% 

2594 
27% 



Note. — Dimension A is the distance from mtuge side of rail to point on 
cover of Model 2 switch machine equal to height of rail used. 
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FiQ. 157. Diagram Showing Clbarancs betweek Top of Model 4 

Switch Machine and Contacting Surface of Third Rail. 

Electric Division, N. Y. C. & H. R. R. R. 







Fig. 158. Diagram Showing Clearance between Top of Model 4 
Switch Machine and Contactino Surface of Third Rail, * 

Long Island R. R. 
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Fig. 160. Dimenszons of Model 4 Switch Machine for Movable 
Point Fbog or Double Slip Switch 




FiQ. 161 Dimensions of Model 4 Switch Machine fob Single 

Switch or Derail 
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Fia. 176. Uovu 



T UoDU. 2 Switch 
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Fio. 188 



Fio. 189 




Fio. 190 



Fio. 191 





Flo. 192 



Fio. 198 
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Fia. lOS. BuDOB CntiTOrT Cuhub 
TeD WBV. oontrollins tea cinmfla. 
DDfENSlONS OF BRHXIE CIRCUIT CLOSESfi 





A 


B 





D 


K 


F 
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H 
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L 


II 

In. 


IB. 


i^ 


In. 


1°. 


In. 


IB. 


IB. 


in. 


In. 


IB. 
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18 WW 


m 
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81 

iiA 




3 
8 
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if. 

4» 
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HI 

14} 


IB 
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19 


1 
U 

1 


* 


7* 
7* 


11 
4 
I* 



Operation of BaioaB Circuit Closer 
The G. R. S. bridge circuit closer with centering device is 
■hown in Fig. 195. In the operation of clodngj the bridge 
end is fint caused to approach the shore end with its centering 
anna thnut forward. When these come into contact with the 
shore end, the ktt^ Is brought into proper alisninent, the 
tnidge end continuing its fonrard movement until thejr abut ; 
thebladee are then forced to enter the Jaws, thus tnalong the 
desired contact. 

The centering device will take care of any horizontal mis- 
allgniment up to one and one-half inches. When this Is 
apt to be exceeded, the circuit closer should be attached to 
toe rails in such a manner that when the rails are lined up 
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the circuit closer will be affected in a similar maimer. The 
design of the jaws permits of three-fourths inch movement 
above or below the normal position. 

The maximum stroke of the driving member is approxi- 
mately thirteen inches. Using this stroke, the maximum 
extension of the blades (three and one*half inches) can be 
secured with a permissible opening of five and three-eighths 
inches between tne bridge ana shore ends of the circuit CK)ser; 
this forces the blades between the jaws two and three-eighths 
inches. If required, this distance between the bridge and 
shore ends may be increcised to seven and three-sixteenths 
inches, which will give a contact extension of one and thir- 
teen-sixteenths inches and force the blades between the jaws 
for a distance of three-fourths inch. 

' If it is desired to reduce the operating stroke and still retain 
the maximum contact extension, the maximum opening be- 
tween the bridge and shore ends must be decreased a propor^ 
tional amount. 



SECTION IX 



INSTALLATION AND OPERATING DATA FOR 

SIGNAL MECHANISMS 



COVERING INSTRUCTIONS FOR IN- 
STALLATION AND MAINTENANCE, EN- 
ERGY FIGURES, CLEARANCES RE- 
QUIRED, DIBfENSIONS AND TYPICAL 
CIRCUITS; ALSO DIMENSIONS OF 
MASTS, SPECTACLES, BLADES AND 
FOUNDATIONS 
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INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF 
MODEL 2A SIGNALS 

Storing Mechanisms 

A LL mechanisms should be stored in an upright position 

/\ and, if possible, in a dry place, and should not be re- 

^ ^ moved from their boxes until they are installed. Avoid 

disconnecting or removing the motors from the mechanism 

cases. 

Installation 

In assemblying mechanisms which are shipped separatelv 
from the pole b^rizigs or in reassemblying mecnanisms which 
have been disassembled for any purpose, the surface of all 
exposed mechanical joints must be cleaned and smoothly 
coated with white lead before assembly, to insure that they 
are water-tight. 

Whenever it becomes necessary to bolt a mechanism to Its 
pole bearing, see that the semaphore shaft and mechanism 
are approximately in their ''stop" positions. Then rotate 
the semaphore shaft backwards and forwards sliKhtly by hand 
while tigntening the bolts, to be sure that no binding takes 
place during the process. 

When working on a mechanism, the motor door should always 
be kept closed except when necessary to do work inside of the 
motor. 

After a mechanism has been wired, the wire entrance should 
be sealed to prevent the circulation of air between the inside 
and outside of the case. Neglect to thoroushl^ seal may 
result in trouble due to the probable accumulation of frost 
or dirt on the circuit breaker parts. If conduit is used be- 
tween the mechanism case and the pole, the wire entrance 
or conduit should be likewise sealed. 

Adjustments 

All signals are properly adjusted before shipment, the only 
adjustments ordinarily reauired in the field beine those due to 
differences in the semaphore spectacles as follows: if the 
blade is not horizontal when in its stop position, it can be 
brought to such position by means of adjusting screw A (see 
Fig. 197). Spring C, adjusted by screw D, should hold block 
B firmly against screw A, due allowance being made in the 
spring adjustment for any increase in weight of the signal 
arm, due to an accumulation of ice or sleet. Fig. 197 shows 
relation of adjusting screws, spring, block, etc., when used 
with upper quadrant ognals; this wQl be reversed when ap- 
plied to lower quadrant signals. 

Having adjusted the blade to the horizontal position, the 
circuit breaker frame should, if necessary, be rotated bodily 
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ft sufficient amount to cause the blade to aaaume its exact 
forty-five or ninety degree position in operation. 

Individual adjustment of the circuit breaker contact sprinra 
should not be necemary under ordinary conditions. If required, 
great care should be exercised to see that all contacts are 
adjusted to open and dose as shown on the circuit plan which 
accompanies each signal mechanism. 

In replacing a circuit breaker which may have been ronoved 
from the mechanism for anv cause, great care should be takm 
to see that the circuit breaker ap««tiiu! Bcsmenta mesh prop- 
erly. Otherwise, it will be impossible for the blade to assume 
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Lubrication 

See that all moving parts are thoroughly lubricated with 
oU that will not thickai in cold weathw or dry up in hot 
weathtf. "Hydrol," "Polar Ice," or "8 In One" oils have 
been found satia&ctory. Use an oil can with a nine inch 
curved mout. 

After lubrication, the signals should be operated several 
times, in order to work the ail thoroughly into the bearinEfs. 
Hie word "oil" on the diagram. Fig. 196, will indicate what 
parts require lubrication. If the mechanism has become 
rusty, especial care should be taken to see that all parts 
are operating fre^ before attempting to put the ngnal in 
service. 
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Tests 
If the signal haa been properly adjusted and lubricated it 
will operate freely. II in doubt as to whether a signal is 
aufRcieutly free in operation, a. drop-away test should be 
made as follows. Connect an adjustable rematance in series 
with the motor. Gradually reduce it until the motor will just 
move the blade upwards. Just before reaching the forty-^ve 
degree position, quickly insert sufficient resistance to just 
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pemit the motor to start backwards, moved by the weight of 
the blade grip. The current which will permit it to start 
backwards from a given position should oe approximately 
50 per cent, of the current required to move it up to 
that position. The same process should be repeated in the 
ninety degree positioii or siicty degree, as the case may be. 

The aisnal having been oiled and operated a few ttmee, iK>t> 
that the olade snubs p '^ '~ "" ""' "" '"" '""" ' 
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Maimtenancb 

Ordinarily in maintaining a si^pal, the only requirements 
are that the connections be Kept tight, contacts clean, and the 
mechanism suitably oiled and cleaned. 

Avoid disturbing the commutator or brushes in any wav 
unless foimd necessary. A commutator in good condition will 
have a dark glosey appearance. If, however, it should be- 
come dirty, it should be cleaned by chamois skin moistened 
with oil, any surplus oil to be wiped off of the commutator by 
a dry piece of cmunois. 

Use a chamois skin in cleaning the circuit breaker contacts. 

If it should become necessary to put a new brush into a 
motor, the brush should, after having been put in position, be 
seated to the commutator by drawing thm fine sandpaper 
under the brush while the brush is being pressed against the 
commutator. The smooth side of the sandpaper should be 
against the commutator. Use "00 Single Finishing Flint 
Sandpaper." 



OPERATING DATA FOR SIGNALS 



Function Operated 


Operating 
Cnirent 


Holding 
Current 


Operating 

Time 

Using 

Maxfmiim 

Lengtb 

control 

Wire 


Amp. 


Amp. 


Seconds 


High Signal, Model 2. 


3.0 

3.0 
.82 
.82 

4.0 


.14 
.11 
.25 
.26 

.17 


4 
3 
6 
4 

1 


High Signal, Model 3 or 7 

High Signal. Model 2A 

Dwarf Signal. Model 2A 

Dwarf Signal, Model 2 or 3, 
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Fia. 200. Bkacket Fobt and Bsniai Siska: 

R. S. A. drawing 1037, d&tcd ISIO. 



Fra. 201. QBonxD SianjU. Uisn 
R. a A. drowinc 1035, dated IB 10. 
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Fia. 202. DiAQKAii SBOwtNa Cleasanch BEnniCH UoDU. 2A Dwab 

BioHAi. ADD Teird Rajl. Elbctbic Divtuon, 

N. Y. C. A H. R. R. R. 
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Fu. SOS. DnnnuOHB or Modei. 2A Two Pohtfion, Non- 

DWjkBT SlQNAL, EQatPFED WITH On. Luu> 

SpoeUcls R. 8. A. drawios 1233. Oi:tob«t, 1913. 
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FlO. 207. DiMKHBIOHB OF OhB ArU UodiL 2 SOLSHOID 
]>WABF SlQHAI. 

. A. drawing 1233, October, 1912. 
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Fio. 209. Semaphobb Spscttaclb 
R. S. A. Design "A," drawing 1040, October, 1912. 




|Hole5 

Fra. 210. Semaphorib Spectaclis 
R. S. A. Design "B," drawing 1041, October, 1912. 
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Fia. 213 

Bladsb pob Uppbb Quadbant Sionals 
R. S. A. drawing 1065. dated 1911. 

Wbere stripes are used the dimensions shown are recommended. 
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TORQDB CDRVK8 FOH R, 8. A. I 

SEMAPHORE SPECTACLE 
R. a A. pku lOM. Inu0 DsMmber, 1013. 
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Fro. 21B. Brackst Post FoOHniTioM 

R. 8. A. dmring 1108, dated lOOS. 

<70.3 cuMc feet of oonciete.) 
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Fia. 218. Ground Siqnai. Hut Foundat 

R, 8. A. dnwing HOT. dat«d 1909. 

(30.25 cubic feet of concnte.) 
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Fig. 217. Dwabf Signal Foundation fob Modbi. 2A, 
Model 3 ob One Abm Model 2 I>WARr Signal 
(6.5 cubic feet of ooncrete.) 



^ i"»W Bolt » Hut 




Fio. 218. Dwabv Signal Fottndation roB Two Abm 

Model 2 Dwabt Signal 

(11.25 cubic feet of concrete.) 
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SECTION X 



INSTALLATION AND OPERATING DATA FOR 
RELAYS AND INDICATORS 



GIVING ENERGY FIGURES FOR, AND 
DIMENSIONS OF, THE D. C. AND A. C. 
RELAYS AND INDICATORS USED IN 
TRACK AND LINE WORK; ALSO DI- 
MENSIONS OF RELAY BOXES 
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RELAYS AND INDICATORS 



ENERGY DATA FOR MODEL 1, D.C. RELAYS 



ReelBtance Ohma 


Mil. Amp0. 


Volta 


4 


110 


.425 


5 


98 


.475 


9 


80 


.7 


Id 


62 


1.0 


25 


52 


1.275 


30 


47 


1.4 


35 


44 


1.5 


50 


35 


1.8 


100 


26 


2.5 


300 


15.6 


4.5 


500 


13 


6.5 


800 


11 


9.0 


1000 . 


10.6 


10.5 



NoTB. — Values given in above table are the mimimum on which the 
relay will operate. Add 10 per cent, for practical operation. Drop away 
current equals 23 per cent, of minimum operating current. 



ENERGY DATA FOR STYLE A, D.C. INDICATORS 

Four wat. 



Reslstanee Ohmfl 


MU. Amp0. 


Volts 


4 


147 


.59 


5 


135 


.675 


12 


97 


1.16 


38 


56 


2.13 


50 


49 


2.45 


75 


41 


3.10 


100 


37 


3.70 


200 


31 


6.20 


250 


27 


6.76 


500 


18 


9.00 


1000 


14 


14.00 



NoTB.—' Values given in above table are the minimum on which the 
indicator will operate. Add 10 per cent, for practical operation. Drop 
away ouzrant equals 33 per cent, ox tni«iT«iiTn operating current. 
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Fig. 228. Modbl 0, D.C. Rblat, Sbblv TmB 




Fig. 229. Modbl 0, D.C. Bmult, Wall Trrm 



DIMENSIONS OF MODEL 


9 D. C. RELAYS 


; 






Name 


No. of 
Flnsers 


A 


B 


c 


D 


E 


Model Form A4 Neutral Relay, . . . 


4 


6A 


7A 


9 


• • 


• • 


Model Form Ad Neutral Relay, . . . 


6 


8A 


7A 


9 


• • 


• • 


Model Form A8 Neutral Relay, . . . 


8 


lOtt 


7A 


9 


• • 


• • 


Model Form C4 Neutral Relay, . . . 


4 


6A 


7A 


9 


a • 


• • 


Model Form A4 Neutral Wall Relay, . 


4 


61 


6A 


8* 


&I 


41 


Model Form AA Neutral WaU Relay. . 


6 


8 


6A 


8* 


&I 


41 


Model Form A4 Polarised Relay. . . . 


4 


6A 


7A 


9 


• • 


• • 


Model Form A6 Polarised Relay, ^ . . 


6 


8A 


7A 


9 


• • 


• • 


Model 9 Form A4 Polarised Wall Relay. 


4 


61 


6A 


81 


H 


4i 


Model 9 Form AA Polarised Wall Relay, 


6 


8 


6A 


8* 


H 


4i 


Model 9 Interlockins Relay 




6A 


laH 


8 


• • 


• • 
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ENERGY DATA FOR 








MODEL 


9, D. C. 


RELAYS 




BwlafiMw 


4 Wat 


6 Wat 


SWAT 














OtamB. 


MU. 
AmpB. 


Volts 


MIL 
AmpB. 


Volts 


MIL 
Amps. 


Volts 


3.6 


79 


.28 


95 


.34 


Ill 


.39 


4 


76 


.30 


90 


.36 


106 


.42 


4.2 


71 


.30 


85 


.36 


100 


.42 


6 


71 


.36 


85 


.43 


100 


.60 


6 


64 


.38 


76 


.46 


85 


.61 


7 


67 


.40 


69 


.49 


81 


.57 


9 


53 


.48 


64 


.68 


75 


.68 


10 


51 


.61 


61 


.61 


72 


.72 


11 


47 


.52 


56 


.62 


66 


.73 


12 


61 


.61 


61 


.73 


72 


.87 


16 


41 


.66 


49 


.79 


67 


.92 


17 


38 


.66 


46 


.79 


64 


.92 


20 


38 


.76 


46 


.93 


64 


1.08 


26 


31 


.81 


37 


.97 


44 


1.15 


35 


31 


1.08 


37 


1.30 


44 


1.64 


40 


27 


1.08 


33 


1.32 


38 


1.62 


46 


24 


1.11 


29 


1.34 


34 


1.67 


60 


23 


1.15 


27 


1.35 


32 


1.60 


60 


21 


1.26 


25 


1.60 


30 


1.80 


68 


20 


1.36 


24 


1.64 


28 


1.91 


76 


21 


1.67 


26 


1.96 


29 


2.18 


80 


20 


1.60 


26 


2.00 


29 


2.32 


90 


18 


1.62 


23 


2.07 


27 


2.43 


98 


17 


1.67 


21 


2.06 


25 


2.46 


125 


15 


1.88 


18 


2.25 


21 


2.63 


160 


14 


2.10 


16 


2.40 


19 


2.85 


200 


13 


2.60 


16 


3.20 


18 


3.60 


244 


11 


2.68 


14 


3.42 


16 


3.91 


300 


11 


3.30 


13 


3.90 


15 


4.60 


346 


10 


3.46 


12 


4.15 


14 


4.86 


400 


10 


4.00 


12 


4.80 


14 


6.60 


600 


8.6 


4.26 


10 


5.00 


12 


6.00 


616 


8.5 


4.39 


10 


5.16 


12 


6.19 


600 


8.6 


5.10 


10 


6.00 


12 


7.20 


670 


7.6 


5.02 


9 


6.03 


11 


7.37 


800 


8 


6.40 


9.3 


7.44 


11 


8.80 


900 


7.6 


6.75 


8.5 


7.65 


10 


9.00 


1000 


7 


7.00 


8 


8.00 


9 


9.00 


1600 


6 


9.00 


7 


10.6 


8 


12.00 


1600 


6.6 


8.80 


6.5 


10.40 


7.6 


12.00 


NOTB.-~"V 


aluee give] 
. Add 10 


a in above 


liable are 


the minim 


umon wfa: 


oh the relay 


wiU operate 


per oeat. 


for praeti 


ioal operal 


aoQ. Dro 


p awBj cur* 



it equals 40 per eent. of minimum operatmc eurreott 
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ENERGY DATA FOR 
MODEL 9, D. C. INDICATORS 



ReslB. 


TOWB& INMCATOBS 


Switch 
Indicator 


4 Way 


6 Way 


8 Way 


Ohnui 


Amps. 


Volts 


un. 

AmpsL 


Volts 


MIL 
Amps. 


Volts 


Hfl. 
Amps. 


Volts 


4 


101 


.40 


107 


.43 


113 


.45 


* 

101 


.40 


4.4 


94 


.42 


100 


.44 


106 


.47 


94 


.42 


6.8 


75 


.51 


79 


.54 


83 


.56 


75 


.61 


9 


66 


.60 


70 


.63 


74 


.66 


66 


.60 


9.2 


65 


.60 


69 


.63 


73 


.67 


65 


.60 


14 


55 


.77 


58 


.82 


61 


.85 


55 


.77 


20 


45 


.90 


48 


.97 


51 


1.02 


45 


.90 


22 


44 


.96 


47 


1.03 


50 


1.10 


44 


.96 


30 


37 


1.11 


39 


1.18 


41 


1.23 


37 


1.11 


34 


35 


1.19 


37 


1.26 


39 


1.33 


35 


1.19 


40 


30 


1.20 


32 


1.28 


34 


1.36 


30 


1.20 


50 


29 


1.45 


31 


1.55 


33 


1.65 


29 


1.45 


56 


27 


1.51 


29 


1.62 


31 


1.73 


;27 


1.61 


92 


24 


2.20 


26 


2.39 


28 


2.57 


24 


2.20 


100 


22 


2.20 


23 


2.30 


25 


2.50 


22 


2.20 


130 


19 


2.47 


20 


2.60 


21 


2.73 


19 


2.47 


200 


15 


3.00 


16 


3.20 


17 


3.40 


15 


3.00 


300 


13 


3.90 


14 


4.20 


15 


4.50 


13 


3.90 


500 


11 


5.50 


12 


6.00 


13 


6.50 


11 


5.50 


690 


8.5 


5.86 


9 


6.21 


9.5 


6.55 


8.6 


6.86 


1000 


7.5 


7.50 


8 


8.00 


8.5 


8.50 


7.6 


7.50 



NoTB. — ^Values given in above table are the minimum on which the 
indicator wUl operate. Add 10 per cent, for practical operation. Drop 
away current equiJa 33 per cent, of Tnihimiim operatinc current. 
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ENERGY DATA FOR A. C. LINE RELAYS AND INDICATORS 
Fob Ua« on 55-110 ob 220 Youtb, — 26 ob 60 Ctclbs. 



Name of Derloe 



Model 2 Form A line 
Relays, wjth 6 front, 
6 back or 12 front con- 
tacts, and indicating 
attachment for tower 
use, 

Model 2 Form B Line 
Relays, with 6 front, 
2 back contacts, and 
indicating attach- 
ment for tower use, . 

Model Z Form B line 
Relays, with 6 front, 
2 back contacts, and 
indicating attach- 
ment for tower use, . 

Model 2 Form B Switch 
Indicator, without 
contacts, 

Model Z Form B Switch 
Indicator, without 
contacts, 

Model 2 Form B Tower 
Indicator, without 
contacts, 

Model Z Form B Tower 
Indicator, without 
contacts, 



Cycles 



25 
(K) 



25 
60 



25 
60 



25 
60 

25 
60 

25 
60 

25 
60 



Maximum Ensrot Rkquirso at Nobmal 

VOI/TAaa (SSB NOTB) 



2 Position 



Split Phase 



V. A. 



12.0 
12.0 



15.0 
15.0 



5.5 
10.0 



15.0 
15.0 

3.0 
5.5 

15.0 
15.0 

3.0 
5.5 



Watts 



10.0 
10.0 



10.0 
10.0 



2.0 
3.0 



10.0 
10.0 

1.5 
1.8 

10.0 
10.0 

15 
1.8 



3 Position 



Local 



V.A. 



7.8 
7.8 



11.7 
11.7 



Watts 



5.4 
5.4 



5.4 

5.4 



Line 



V.A. 



6.4 
6.4 



6.5 
6.5 



Watts 



6.4 
6.4 



5.4 
5.4 



NoTB. — Above energy figures will permit practical operation of these de- 
vices on a voltage 20 per cent, below normal and are based on a maximum 
equipment of contacts, including indicating attachment for tower use. 
Without indicating attaiohment, with a lesser number of contacts, by spe- 
cial construction, or by combinations of any of the foregoing, the above 
energy mair be reduced 20 to 50 per cent. Relay must drop away on not 
leas than 50 per cent, of the minimum operating energy. 



NoTB. — The above table permits the following line resistance in series 
with line phase of relay. 



Volts 


Cycles 


Resistance (Ohms) 


55 


25 


75 


55 


60 


100 


110 


26 


150 


110 


60 


200 


220 


26 


250 


220 


60 


300 
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OPERATION OF THE MODEL 2 FORM A REGULAR POLY- 
PHASE RELAY, IN CONNECTION WITH DOUBLE RAIL 
A. C. TRACK CIRCUITS ON ELECTRIFIED 
DIRECT CURRENT ROADS 



PoncttUMt: 



li it a^ a ■! 



TRANSrORMER 



L-p-VOLT AMPCRCS fOR CURVES MEASURED AT THCSt TOlflTS 
O MODEL EroRM A RELAY 






£ 



IMPEDAnCE BOND 



IMPEDANCE BONO 



:i 



rwwwwww 



FiQ. 238. End Fbd Doubljb Rail A. C. Track Circuit 
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QOQO 9000 



tOOO 3000 4000 5000 flOOO TOOQ 
LCnOTH OF TRACK CIRCUIT IN rCCT 

Fig. 230. Curvs Showing Energy Required for 
Operation on 25 Cycle Current 

VDLT-AMPCRCS 
190 

Xtb 

100 

75 

90 

25 



1000 toco aOOO 4000 5000 6000 7000 8000 9000 

LENGTH OF TRACK CIRCUIT IN FEET 

Fio. 240. Curve Showing Energy Required for 
Operation on 60 Cycle Current 

Note. — ^Volt amperes shown in Fiss. 239 and 240 are the total of the volt 
amperes fed to the track circuit and to the relay local. Relay is equipped 
with four front and two back contacts. Curves are based on 85 pound 
rail being used. 

Good ballast (approximately 10 ohms per 1,000 ft.) consists of rook or 
gravel ballast, well drained and free from the base of me rails. 

Average ballast (approximatekr 6 ohms per 1,000 ft.) consists of a ballast, 
such as a well drained gravel ballast, covering the base of the rails. 

Dirt, cinder or badly drained gravel ballast, covering the base of the rails, 
is oonoidered poor and necessitates the use of much more energy for the 
operation of track circuits than is shown in the curves. 
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TABLE SHOWING RELATIVE AMOUNT OF ENERGY RE- 
QUIRED FOR MODEL 2 FORM A TRACK RELAYS, 
REGULAR AND QUICK ACTING, WITH DIF- 
FERENT CONTACT COBfBINATIONS 



Model 2 Form A 
Itack Relays 


Ckmtact Equtpment 


Relative Amount 
oC Energy 
Required 


Regular 

Regular 

Regular, 

Quick Acting, 

Quick Acting, 

Quick Acting, 


4 front, 2 back, 

2 front, 2 back, 

6 front, 2 back, 

2 front, 2 back, 

4 front, 2 back, 

6 front, 2 back, 


1.0 

.8 

1.4 

3.5 

3.5 
4.2 



Note. — Regular Model 2 Form A relay with four front and two back 
contacts taken as unity. For energy required by this relay on 25 or 60 
cycle operation, see curves on page 273. 
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9eq. 244. CxBCurr for TneriNO Pick Up and Dbop Aw at or 

D. C. Track Rblats 




nmsTMice 100 ohms 
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Fig. 245. Circuit for Tbbtinq Pick Up and Drop Awat of 

D. C. LiNB Rblats 



lAMPcneiuifaK 



RESISTANCe f *-\>^ I 



CCLU 



Fia. 246. Circuit for Tbsting RxstSTANca of Rblat Contacts 
(Resistance equals voltage divided by current.) 



Note. — Several readings should be made in above tests and the average 
taken. 

The resistance used in Figs. 244 and 245 consists of a resistance with a 
variable center connection. It should, preferably, have uniformly^ graduated 
steps. The resistance used in Fig. 246 may merely be a unit of such 
resistance as to protect the instrument. It is recommended, however, 
that a variable resistance be used if available. If voltages used in above 
tests are higher than those indicated, the resistanoes usra will have to be 
increased accordingly. 

Tlie ammeter for all of the above tests should not have a range greatly 
exceeding the 1 ampere range indicated above. 



SECTION XI 



INSTALLATION AND OPERATING DATA FOR 

TRANSFORMERS 



CX)VERINQ DIMENSIONS AND RATINGS 
OF LINE AND TRACK TRANSFORMERS 



^ 



TRANSFORMERS 




DIMENSIONS OP TYPE L UNE TEANSFOHMEHS 




-- 


DiKlKSIom (MTBOXlUATm) 


A 


B 


c 


D 


E 


F 


G 


H 


iMk 


iBOll 


Incb 


Inch 


mch 


Ineb 


Inch 


Inch 


1 
3 




12% 

13* 


10 

ll»«. 

13U 


12H„ 

14K 


PA 

10 


m 

10 


2H. 


8 
S 



± — "*■- J. 



a o 

□ a 



r 

t" 

t 
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STANDARD RATINGS OF G. R. S. TYPE L TRANSFORMERS 

SiNGui Pbabb, Oil Immbbsbd, Sblv Coolbd, Polb Ttpb 

Primary voltage, 2200 — 25 cycles. 



Total 
Gapacitt 


SSCONDABT LINB WiNDINOB 


Bboondabt Track WiNBDiaB 


Slie 


V.A. 


No. of 
Wind- 


V.A. 
Each 


VolU 


Taps 
See Note 


No. of 
Wind- 
ings 


V.A. 
Each 


Volts 


T^w 
See Note 




200 
200 


1 
None 


200 

• • a 


110-220 

or 
55-110 

• • • • 


AsReq'd 

• a a • 


None 
1 


• • a 

200 

• • • 

200 
200 


• a • 

10 


2&6V.or 
asReq'd 




400 

400 
400 


1 

1 
None 


400 
200 

• • • 


110-220 

or 
55-110 

110-220 

or 
55-110 

• • • • 


AsReq'd 
As Req'd 

• • a • 


None 

1 
2 


■ • • 

10 
10 


2 & 6 v. or 
aaReq'd 

2 & 6 V. or 
asReq'd 


2 
2 
2 


eoo 

600 
600 


1 
1 
1 


600 
400 
200 


110-220 

or 
55-110 

110-220 
or 
55-110 

110-220 
or 
65-110 


As Req'd 
As Req'd 
As Req'd 


None 
1 
2 


• a a 

200 
200 


• * • 

10 
10 


2 A 6 V, or 
asReq'd 

2 A 6 V. or 
asReq'd 


3 
3 
3 


1000 
1000 
1000 


1 

1 
1 


1000 
800 
600 


110-220 

or 
55-110 

110-220 

or 
55-110 

110-220 

or 
55-110 


As Req'd 
AsReq'd 
AsReq'd 


None 
1 
2 


200 
200 


• • ■ 

10 
10 


2 & 6 V, or 
aaReq'd 

2 A 6 V. or 
asReq'd 



Nom. — Terminal board is arranged to take three windings, each to 
have five terminal posts, which provides for a maximum of three taps 
per winding. If less than three windings are used, it will be Been that 
additional posts will be available for taps if same are desired. 
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STANDARD RATINGS OF Q. R. 8. TYPE L TRANSFORMERS 

Smaui Pbabb, Oil Iifin»HHBD, Sslv Coolbd, Polb Ttpb 

Primary voltage, 2200 — 60 cycles. 



Total 
Gapacht 


BaCONDAVr LIHB WmOINGB 


8BCONDART TBACK WXNDINGS 


Slse 


V.A. 


No. Of 
Wlnd- 


V.A. 
Eaeb 


Volti 


Tape 
See Note 1 


No. of 

Wind- 

tnga 


V.A. 

Each 

• • • 

200 


Volts 


Taps 
See Note 1 




200 
200 


1 

None 


200 

• • ■ 


110-220 

or 
55-110 

« • • • 


AsReq'd 

■ • • « 


None 

1 


• • • 

10 


• • • • 

2 ft 6 y, or 
asReq'd 




400 

400 
400 


1 

1 
None 


400 
200 

• • • 


110-220 

or 
55-110 

110-220 

or 
55-110 

• • • • 


AsReq'd 
AsReq'd 

• • • • 


None 

1 
2 


• • • 

200 
200 


10 
10 


2 & 6 y, or 
asReq'd 

2&6y,or 
asReq'd 


2 
2 
2 


600 
600 
600 


1 
1 
1 


600 
400 
200 


110-220 

or 
55-110 

110-220 

or 
55-110 

110-220 

or 
55-110 


AsReq'd 
AsReq'd 
AsReq'd 


None 
1 
2 


• • • 

200 
200 


• • • 

10 
10 


2 & 6 y. or 
asReq'd 

2 & 6 y. or 
asReq'd 


1000 
1000 
1000 


1 
1 
1 


1000 
800 
600 


110-220 

or 
55-110 

110-220 

or 
55-110 

110-220 

or 
55-110 


AsReq'd 
AsReq'd 
AsReq'd 


None 
1 
2 


• • • 

200 
200 


• • • 

10 
10 


2&6y,or 
asReq'd 

2ft6y.or 
asReq'd 


3 


3000 


1 


3000 


110-220 

or 
55-110 


AsReq'd 


None 


See 

Note 

2 


• • • 





Non 1. — Terminal board is arranged to take Uiree windings, each to 
have five terminal posts, which provides for a maximum of three taps per 
winding. If less than tnree windings are used, it will be seen that addi- 
tional posts will be available for taps if same are desired. 

NoTB 2. — Track secondary windings can be placed on the 8,000 y. A. 
■ise if desired. 
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Fxo. 249. Ttpb K Sbcondabt Track TBANSFORiaB 

STANDARD RATINGS OF G. R. S. TYPE K TRANSFORMERS 

SiNGiiB Phasb, Aib Cooled 



26Cyclee 


60 Cycles 


60 V. A. 
100 V. A. 
200 V. A. 


60 V. A. 
100 V. A. 
200 V. A. 



The above ratings are for 110 volt primary. Ten or twenty volta seo- 
ondaries can be furnished, equipped with a maximum of six taps when 
required. 



R. S. A. VOLTAGE RANGES FOR SIGNAL WORK 

(1913) 

(1st Range) Thirty (30) and less. 

(2d Range) Over thirty (30) to and including one hundred 
and seventy-five (175). 

(3rd Range) Over one hundred and seventy-five (175) to and 
including two hundred and fifty (250). 

(4th Range) Over two hundred and fifty (250) to and in- 
cluding six hundred and sixty (660). 

(5th Range) Over six hundred and sixty (660). 



SECTION XII 



INSTALLATION AND OPERATING DATA FOR 

PRIMARY BATTERIES 



COVERING THE CAUSTIC SODA 
CELL, GRAVITY CELL AND DRY 

CELL 



r 



L 



PRIMARY BATTERIES 



CAUSTIC SODA PRIMARY CELL 

Uses 

THE caustic soda primary battery is largely used on open 
circuit work, such as for signal operation, where a higiier 
current is required than can be secured ftt>m other types 
of primary battenes without the installation of a ^eat niun- 
ber of cells. A somewhat different design of caustic soda cell 
is extensively used for track circuit work; although a more 
expensive cell than the gravity cell, it is one in which the 
maintenance is very slight, it being ordinarily necessary to 
make renewals omy four or five times a year, this, of 
course, depending on the type of traffic passing over the 
section on which the battery is installed. 

DBSCRIPnON 

The elements of the cell are of zinc and black oxide of 
cojyper and the electrolyte a strong solution of caustic soda 
and water. These are generally contained in a porcdain or 
heavy heat resisting glass jar, tne latter being preferable due 
to its freedom from breakage and the ease with which inspec- 
tion is made. The cut on page 286 ^ves the appearance of 
the jar adopted by the R. S. A. as theu* standard, the ampere 
hour capacity of this standard cell being 400. 

The elements of the signal cell are generally cast in the 
form of plates which are suspended from the cover. This 
cell has an extremely low internal resistance (about .045 ohm) 
and is hence capable of producing on short circuit the heavy 
current of 20 amperes. The E. M. F. of the cell is low; when 
new, it is approximately 0.7 volt and this faDs off after the cell 
has been in service for some time. 

The elements used in the track cell are not necessarily of 
the same type as those used in the signal cell. One well-known 
cell used ror track circuit work has a zinc element similar in 
form to the zinc in the gravity cell, the other element being 
poured loosje over a tin dfisc resting on the bottom of the jar. 
The track cell is designed to have an internal resistance of 
about 0.25 ohm and a current output on short circuit of about 
2 to 3 amperes. The voltage of the cdl is the same as that of 
the signal cdl. 

Action of thb Cell 

When in service, chemical action of the cell gradually dis- 
solves the zinc element and converts the copper oxide into 
pure copper. In the case of the signal cell using a copper 
oxide plate, this change in the element will consist of the 
reduction of the copper oxide to copper, this reduction taking 
place from the surface and extending inward; the relative 
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degree of exhaustion of the ceil can be ascertained bv 
scrapine off the material from the outside of the plate until 
the dark copper oxide is exposed. In the cell usea for track 
circuit work, the copper oxide is converted into copper flakes 
which continue to ue as before on the tin disc in the bottom 
of the jar. 

Care op the Cell 

In setting up the cell, the jar should be first thoroughly 
cleaned and then filled with pure water (preferably clear rain 
water) to such a height that when the elements are added the 
level of the electrolyte will have been raised to within about 
one and one-half inches of the top of the jar. The soda 
should be added slowly and the solution stirred continuously 
with a stick until the soda is entirely dissolved. Chemical 
changes raise the temperature of the solution to the boiling 
point, making it necessary to place ordinary glass, or porcelain 
jars, on a dry wood surface when mixing the solution, to pre- 
vent breakage of the jars. The dements should not be placed 
in the cells imtil the temperature of the solution has dropped 
to about 90 degrees Fahr. A thin film of oil should then be 
poured over the top of the electrolyte to prevent evaporation 
and ''creeping of tne salts." 

When mixing the solution, care should be taken not to get 
the caustic soda dust or solution on one's person, as it is very 
corrosive; the best means for counteracting the action of caus- 
tic soda is water or oil. 

When in service practically no other attention is required 
by the cell other than an occasional inspection of the elements 
to determine the degree of exhaustion of the cell. 

The caustic soda solution does not freeze, but when subjected 
to severe cold the current discharge of the battery is mate- 
rially reduced, which makes it advisable to furnish protection 
agsdnst extreme temperature conditions where current for 
operating signal motors is required, or if an equivalent current 
is wanted for any other purpose. 



EXTRACT FROM R. S. A. SPECIFICATIONS FOR 
CAUSTIC SODA PRIMARY CELL (1911) 

1. General 

This battery is to be used in the operation of signals, 
crossing alarms, etc. 

2. Material 

(a) Railway Signal Association drawing 1058, issue 
1911, shows the general design and dimensions of the bat- 
tery jar, cover, connections, wire, and that part of the bolt, 
together with nuts and washers, shown aoove the cover 
for supporting the dements. The active part of the cell 
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consists of the zinc, copper oxide, and caustic soda in the 
^nular fonn, which, mixed with water, forms the solu- 
tion in which the elements are placed, and a suitable 
minoul oil, which is used on top of the caustic soda solu- 
tion to prevent evaporation and the salts from creeping 
over the top of the jar. 

(6) The assembled element shall consist of the zinc and 
copper oxide, suitably combined, top^ether with the suspen- 
sion bolt and terminal wire of sufficient length to extend 
twelve (12) inches above top of cover. 

3. Requirements 

Each complete cell or renewal shall have a capacitv of 
at least four hundred (400) ampere hours, as provided for 
under test in Section 4. 

4. Test 

(a) In order to determine the ampere hour capacity of 
the cell or renewal, one will be selected at random from 
each lot of one hundred (100), or fraction thereof, and 
placed on a continuous dischai^e of one (1) ampere. If 
the dischai]ge continues four htmdred (400) hours without 
the potential at the terminals of the cell dropping below 
five-tenths (0.5) of one (1) volt per cell, the cell or renewal 
will be considered acceptable as far as capacity is concerned. 

(b) One will be selected at random from each lot of one 
hundred (100), or fraction thereof, and subjected to a dis- 
charge of three (3) amperes continuously. If, during the 
first forty (40) hours, the voltage does not drop below 
fifty-three hundredths (0.53) of one (1) volt and during the 
next forty (40) hours the voltaee does not drop toIow 
five-tentbs (0.5) of one (1) volt, tne cell or renewal will be 
considered acceptable so far as drop in voltage test is 
concerned. 

(c) Tests enumerated in paragraphs (a) and (6) will be 
made at a temperature of seventy (70) d^ees Fahr. 



THE GRAVITY CELL 
Uses 

The primary cell in most general use on low voltage closed 
circuit work is the ^vity cell ; it is extensively used in con- 
nection with track circuits, being adapted to this type of work 
by its constant voltage characteristics and its freedom from 
polarization when on closed circuit. Although frequently 
used on open circuit work, it is not recommended that the 
cell be used that way, due to the very low efficiency obtained 
when operating under those conditions. 
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Dbscriftion 

The elements of this cell are of zinc and copper, and the 
electrolyte a solution formed by dissolving copper sulphate 
or "Blue-stone" in pure water. The electrolyte and elements 
are contained in a glass jar about eight inches in height and 
six inches in diameter. 

In the type of cell generally employed for signal purposes, 
the zinc element consists of about foiu* pounds of metallic 
zinc, cast in the shape of a ring, which is suspended from the 
upper edge of the glass jar by means of soft wire hangers cast 
into the element. The copper element, made of tmn sheet 
copper, rests on the bottom of the jar and is covered with 
copper sulphate crystals. 

The gravity cell has an approximately constant E. M. F. 
of 1 volt on open circuit and does not polarize through being 
continually short circuited. The internal resistance varies 
considerably with the condition of the cell, running from 
about an ohm when the cell is in good condition to as 
high as 2 or 3 ohms. When in the best condition the cell 
has a current capacity on short circuit of about 1 ampere. 

Action of the Cell 

When first set up, if there are no old cells from which to 
get zinc sulphate to use in new cells, the battery must be short 
circuited fiom twenty-four to forty-eight hours in order to 
start the action of the cell and to reduce the internal resist- 
ance. A saturated solution of copper sulphate soon forms 
aroimd the copper element, and after the cell has been on short 
circuit for a number of hours, a zinc sulphate is formed around 
the zinc. Due to the difference of tne specific gravities of 
these two sulphates, the zinc sulphate floats on the copper 
sulphate, this giving to the cell the name of " gravity cell. 

The action of the cell causes the copper sulphate crystals to 
dissolve, and when the cell is producmg current a deposit of 
pure copper is made on the copper element. The zinc of the 
other element is consumed, its surface soon becoming covered 
with a deposit of gre]^ and brown sludge. This residue consists 
of part of the impurities of the zinc, which does not dissolve, and 
if not scraped on at about intervals of two weeks it will coat 
the zinc to such an extent as to interfere with the action of 
the cell. As the cell wears out the zinc sulphate increases 
and the copper sulphate decreases; the copper sulphate 
crystals in the bottom of the cell are reduced to a paste, and, 
as mentioned before, the zinc element becomes eaten away 
by the chemical action. The degree of exhaustion of the cell 
can be determined by the condition of the zinc element and 
the amount of copper sulphate crystals remaining in the 
bottom of the jar. 
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SPECIFICATION 

1. Hatbbiai. (a) Coppera ahall be two-lekf or thraa-leof u Bp«ifl«d 
and Khun oooform to the abovo dranini. Lbbvh ahnU be No. 30 B A B 
SBUge, hard tollad bri(bt copper aot lees than ninety-eight (OS) per oent. 

""w Lead wire ahaU be No. 11 B ft B gc 

lated throuehout the entire length, Hnx - - , , - - 

innUalJaa shall oonsist of a Ihree-siity-faiirthi <%«) incsh wall of rubber, 
■hall adhere ti«hUy to the wire and shall be of a ctaaraoter suitable to with- 
stand the action ol the batlciy solution. Insulation on ends of wire to be 
trimmed either tapered or square, and in this operatioii the wi^ muat not 

(c) End of wire attached to copper must be thoiou^y cleaned and tii^tly 
riveted as showa with a Hvet bavins a thre»««lil£a (%) inch head and a 
washer (hree-dghths (%) Inch in outer diameter. Boti rivets and washer 
■hall be copper not lees than ainety-^ubt (9S) per cent, pure. 

2. Packikq aud Habkino. Copper ehall be carefully and eeourely 
psoked In lota of one-hundred (100) each, or fifty (50) If so epecified, and 
the purohase order number, contents of package, name of manufaetarer 
and name and addrees o( conngaee shall be plainly marked on the oub^e 
of each package. 

3. iHapEcrnoH AJnt AcciPTANCB. One copper taken at random from 
each fifty (60) or fraction thereof diall be examined and tested. The results 
n( iliis examination shall detenniaa whether the k>ta so repreHented will be 

spted. If the samples are found to meet this speciflcatlon, the material 

. be aceepted. If any ol the aamplea fail to meet this specification, the 

Iota represented will be rejected and retarned at the risk of the mauufaoturer, 
he paying the (Tciubt in both directions. 



aooepted. 
willfcea> 
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Garb op the Cell 

In makine renewals, the jars should be well washed, being 
scoured until they are transparent. The elements should be 
cleaned and replaced in the jar with clean cop- 

Ser sulphate dystals; the cell shotild then be 
lied to a point just below the bottom of the 
sdnc element with water and then within one- 
half inch of the top of the jar with clear sine 
sulphate taken from the top of the old cell — 
this in order to start a stronp^ chemical action 
and have the cell available for immediate service. 

The cdl should be inspected every two weeks 
and the residue which has formed on the zinc 
element be scraped off. At the same lime the 
maintainer should check the specific eravity of 
the electrolyte. The best operation of the cell 
will be secured by keeping the density of the solu- 
tion at about twenty degrees Baume (see page 
384), and under no condition should it exceed 
thirtv degrees; the density can be lowered by 
dipping out some of the solution and refilling the 
cell with wate*. 

The bottom of the zinc element should be main- 
tained about two and one-half inches above the 
level of the copper sulphate crvstals. 

The ampere output of the cdU falls off consid- 
erably witn a ieereaiae in temperature. Under no 
conditions should the cell be exposed to a tem- 

fflperature below thirty-two degrees Fahr.^ as the 
solution congeab at slightly below that point and 
freezes with a further reduction in temperature, 
this interrupting the action of the cdl and in a 
Fio.250.Sbo- great many cases breaking the jar. When installed 
TioN or Sin- outside of the interlocking station the cells are 
^■Battobt housed in batterv chutes or weUs set in the 
Ohutb with Wound to place them beyond the reach of frost, 
the proper depth of the housing depending on 
climatic conditions. 




Thbeb-Cbll 
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THE DRY CELL 
Uses 

The drv cell is most commonly used in connection with 
circuits which are only closed momentarily, or for a few seconds 
at infrequent intervals. It is employed for such purposes as 
operating annunciators, buzzers, etc., and sometimes in the 
ignition circuit of gasoline engines. 
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Dbbcriftion 

The cell is contained in a zinc shell which fonns one ele- 
ment; the other element consists of a stick of carbon set in 
the center of the cell. The zinc shell is usually lined with 
several thicknesses of blotting paper and the remaining space 
around the carbon element fillea with a mixture of carbon, 
manganese dioxide, sawdust, or other absorbent substance. 
This mixture is then saturated with a solution of sal ammoniac 
(muriate of ammonia) and water, and the top of the cell sealed 
with wax or pitch. To insulate the zinc shell ft*om adjacent 
cells, metal pipes, etc., a cylindrical pasteboard cover is fur- 
nished covenng the sides and bottom of the cell. 

The cell has an approximate £. M. F. of 1.5 volts which falls 
off after the cell nas been in service for some time. The 
intamal resistance is about .075 ohm. The cell polarizes very 
quickly when on short circuit, ^vins less ana less current 
as it becomes more polarized, until it finally refuses to deliver 
current at all; the cell takes some time to recover when fully 
polarized. 

Exhaustion of the cell, except when polarized, is usuaUv 
due to the sal ammoniac having been entirely consumed. 
The zinc container is gradually consumed by the action of the 
cell, this resulting in ''puncturing," or the eating through in 
spots, of the zinc. 

Care of the Cell 

The cell practically requires no care other than keeping it 
in a dry place which has an even temperature of a1x»ut 
seventy degrees Fahr. Temperatures below this will limit the 
amount of current which can be drawn from the cell, while a 
ereater temperature materially reduces the cell's life through 
drying up the sal ammoniac. 

The ceil is in reality a wet cell, sealed to prevent the paste 
from drying out. If the cell does actually become dry it will 
not produce any current, but if the elements have not been 
worn out this can be overcome by boring a hole in the top of 
the cell and soaking it in water for two or three days. 

Care should be taken to avoid handling the cells roughly, aa 
the contents of the cell are apt to become broken away from 
the carbon electrode, this resulting in an increase of the internal 
resistance of the cell and a consequent reduction in the current 
output. 

EDITOR'S NOTE 

Articles on primary cells , pages 285, 288 and 293, based on 
data furnished by National Carbon Co. 



SECTION XIII 



WIRE, TRUNKING AND CONDUIT 



COVERING INSTALLATION PRACTICE, 
TABLES OF PHYSICAL PROPERTIES OF 
WIRE, REQUIRED SIZES OF CONTROL 
AND COMMON WIRES, TRUNKING CON- 
STRUCTION, AND THE CARRYING CA- 
PACITIES OF TRUNKING AND CONDUIT 
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WIRE AND WIRING 



EXTRACTS FROM R. S. A SPECIFICATIONS FOR 
ELECTRIC INTERLOCKING (1910) 
521. Size 

(a) Wires shall be of sufficient size to permit operation 
of switch and signal mechanism in accordance with pre- 
vious specifications. 

(&) Rubber-covered wire smaller than number fourteen 
(14) B. &. S. gauge shall not be used. 

(e) Hard-drawn copper line wire shall not be smaller 
than number ten (10) fi. & S. gauge. 

(d) No common return wire shall be less than number 
twelve (12) B. & S. gause. 

(e) In submarine cable work spare wires up to twenty- 
five (25) per cent, of the number in use shall be provided 
as specified. When spare wires are required in other than 
cable work the number and size shall be specified. 

(/) NumbCTS and sizes of track circuit connections 
shall be as follows: 

Ko. of B. & S. 

oouduelon VMgb 

1. Track batteries to rail one (1) nine (9) or . . . ( . ) 

2. Relays to rail one (1) nine (9) or. . .(.) 

3. Fouhng shunt connections . . .two (2) nine (9) or. . .(.) 

4. Switch circuit controller 

connections two (2) nine (9) or . . . ( .) 

5. Wire from trunking to 

track batteries in chutes, 

stranded twelve (12) or . . . ( . ) 

(g) Wires connected to track shall be rubber-covered 
soft-drawn copper. 

525. Wiring 

(a) Wires in trunking, chases or conduits shall be laid 
looisely without stretching or crowdinff. 

(6) Not more than two (2) wires shall be connected to 
one (1) binding post or terminal screw. 

(c) Unless otherwise specified, all wires shall be run as 
separate conductors. 

526. Common Return 

(a) Reductions in size of common wire and connec- 
tions to pole lines shaU be made in junction boxes. 

(b) Ck>nnections between branches and main common 
wires shall be made in jimction boxes. 

NoTB. — Wire mzee given in (/) taken from R. S. A. Automatic Block 
' Speoificatione (A21-/ dated 1913). 
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(c) Unless otherwise specified, common return wires 
shall be continuoiis without joints or breaks from inter- 
locking machine to the limits of the interlocking plant. 

527. Joints in Wire 

(a) Wires shall, as far as practicable, be continuous 
without joints or breaks between interlocking machine 
and the unit operated; joints when made shall Be in junc- 
tion boxes, and only made on permission from the Engi- 
neer. 

(b) In making joints, braid shall be pulled back one (1) 
inch from end of rubber on each side of splice, and rubber 
cut with knife held at an angle of approximately thirty 
(30) degrees with axis of wire, as one would slmrpen a 
pencil. 

(c) After removing rubber, wire shall be thoroughly 
cleaned, care being taken to prevent injury from smaU 
cuts or nicks. 

((f) Wire, after being cleaned, shall be twisted together 
in the form of a regular line wire splice, tmns being spaced 
approximately one-sixty-fourth (hM inch. 

(e) Joints shall then be soldered by pouring on them, or 
dipping them into, melted solder, a non-corrosive rosin 
flux being used. After soldering, joints shall be painted 

with insulating paint or with 

compound. 

(/) Joints shall then be covered with two (2) layers of 

insulating tape between ends of braid, which 

tape shall be heated siSliciently to form a tight covering, 
but not enough to injure the quality of the material. Coat- 
ing of insulating paint or com- 

Eound shall be put on over insulating tape and two (2) 
lyers of adhesive or friction tape shall be 

applied, after which the outside of the joint is to be painted 
with insulating paint. 

528. Fuses 

McUerial. 

(a) Fuses shall be of the enclosed type. 
Field work. 

(h) The necessary fuses to properly protect all appa- 
ratus and circuits shall be installed. 

(c) Fuses outside of buildings shall be enclosed in 
weatherproof boxes. 

(d) In the lighting circuits, a fuse shall be provided in 
the circuit to each signal lamp; in the circuit to each 
set of lamps on a mast; in each branch circuit leaving 
the mains, and in each set of mains leaving the switch- 
board. 

ifi) Double pole fuse cut-out shall be provided for each 
circuit on the power board. 
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(/) An additional double pole fuse cut>out shall be 
placed in stcpige battery leads as near as possible to the 
battery terminals. 

530. Tags. 

Material, 

(a) Tags shall be made of vidcanized sheet fibre, not 
less than one-sixteenth (Vie) inch tMck, firmly attached to 
the wire by the best quaUty yacht marline one-sixteenth 
(Vie) inch in diameter. 

(6) The taff shall have a stamped imprint to show the 
function of the wire. 
Fidd tDork. 

(c) Wires shall be tagged at all junction boxes, switches, 
signals, relay boxes, arrester boxes, and at all line wire 
connections, unless otherwise specified. 



FLUXES FOR SOLDERING AND WELDING 

Iron, Borax. 

Tinned Iron, .... Resin. 
Copper and brass, . . Sal ammoniac. 

Zinc, Chloride of zinc. 

Lead, Tallow or resin. 

Lead and tin pipes, . . Resin and sweet oil. 

Steel, Pulverize — 1 part sal ammoniac, 10 

parts borax, and fuse until clear. 

When solidified, pulverize to powder. 



INSTRUCTIONS FOR SPLICING. SOLDERING, AND 
TAPING JOINTS IN RUBBER-COVERED WIRE 

Stripping the Insulation 

When stripping the insulation, the knife blade should be 
held at such an angle as one would use in sharpening a pencil ; 
do not hold the blade at right angles to the wire, as the wire is 
apt to be nicked if this is done. 

Spucing Stranded Wire to Stranded Wire 

Remove the insulation carefully from the end of each 
wire for three to four inches, according to the size of the 
wire. Remove the braid about one inch further back from 
the bare portion of the wire, bein^ careful not to cut the 
rubber. If the strands become untwisted, twist together and 
clean thoroughly of rubber, leaving the wire bright. 
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Starting as shown in Fig. 251, twist the wires together in the 
regular manner of making a line wire joint; cut off surplus 
wu*e, as shown in Fig. 252. and solder and tape as described 
under ''Solderine" and '^Tapin^.'' See Figs. 253 and 254 
for appearance of soldered and finished joints. 




Fia. 252 




Fxa. 253 




ftmnffwwm 

Fia. 254 
Splicing Stbandbd Wiiud to Stranded Wnu> 

Spucing Stranded Wire to Scud Wire 

Remove the insulation from the solid wire for about one and 
one-half inches and from the stranded wire for three to four 
inches, according to the size of the wire. Remove the braid 
for about one inch back from the bare portion of the wire, 
being careful not to cut the rubber. 




Fia. 255 



Fio. 256 
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Fig. 258 
Splicing Strandbd Wibii to Solid Wins 
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Clean both stranded and solid wires, leaving them bright. 
If the strands of the stranded wire become untwisted, twist 
them together and starting as shown in Fig. 255, twist the 
stranded wire around the solid wire, leaving about the thick- 
ness of the stranded wire between the turns for about two 
tiuns, and then wind close; cut off the solid wire, leaving 
enough to turn an eye around the stranded wire as shown in 
Fig. 256. Solder and tape as described under " Soldering '' 
and " Taping." 




Fio. 259 



wTiinnn rinnnnn(vwwmfff~~ 



Fxo. 260 




Fig. 261 




Fio. 262 
Sflicino Solid Wirb to Solid Wire 



Spucing Solid Wire to Solid Wire 

The insulation should be removed from four to six inches 
from the end of each wire. Remove the braid for about one 
inch from the ends of the insulation. The bare wire should 
be thoroughly cleaned of all rubber. Lay the two wires 
together so that the distance between the insulations will be 
al^ut one a^d one-half or one and three-fourths inches, 
as shown in Fig. 259. Hold the middle of the joint with 
the pliers and twist the end of one wire around the other, 
leaving about one sixty-fourth inch between turns for solder 
to run in, as shown in Fig. 260. This winding should stop 
when the insulation is reached and the surplus wire then be 
cut off. The other end should be wound in this same man- 
ner and the middle part twisted for three or four turns. 
Solder and tape the joint as described imder "Soldering'' and 
"Taping." 
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Fzo. 263 




Fig. 264 
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Flo. 265 




Fio. 266 
Making T Joints in Solid Wirb 
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Making T Jodtts in Stranded or Soud Wires 

Remove the insulation from the continuous wire where the 
joint is to be made for about one and one-fourth inches and 
the braid for about one inch beyond the ends of the insula- 
tion. Remove the insulation from the end of the tap wire 
in the same manner as described for joints in solid wire. Lay 
the end of the tap wire across the bare part of the continuous 
wire as shown in Fig. 263 and wrap around the continuous 
wire as shown in Fig. 264, stopping when the insulation is 
reached. Cut off the surplus wure and solder and tape as 
described under "Soldering" and "Taping." 

I' i i ni i JHIIli I II i niMH I Ill I li|iiiiiiii li H inwnwiTn 

Flo. 267. Paballbl Joints 

Parallel Joints 

When two or more joints come side by side, as sometimes 
happens in parallel wires, one joint should be lapped bevond 
the other so as to leave at least three-fourths inch of the 
original insulation between the joints, as shown in Fig. 267. 

Soldering 

In soldering it is recommended that an approved soldering 
compound in stick form, such as Allen's Soldering Compound, 
be used. Joints should be soldered by pouring melted sblder 
over the joint or, if impractical to do this, the work should be 
done with a well-tinned soldering copper having sufficient 
heat to thorou^hl^ heat the entire joint. Never use an open 
flame for soldering joints. 
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Fig. 268 
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Fio. 269 
Method or Taping 

Taping 

All Joints whether for inside or outside work must be taped 
with Okonite tape (or its equivalent) in the following manner: 
The tape ^ould first be stretched to insure its laying tieht to 
the wire. Start the tape close up to the rubber msmation 
(see Fig. 268) and wind with a half lap over the joint and rubber 
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insulation to, but not over, the braid at the end ; thence back 
over joint and rubber insulation to, but not over, the braid on 
the other end, and then back to where taping was started 
(see Fig. 269). Warm the joint sufficiently to soften the tape 
slightly, squeezing the tape down with the hand to make it 
adhere closely to the rubber insulation and to itsdf . 

Black friction tape of good qualitv should be applied over 
the rubber tape, using three-eighths inch tape for No. 16 
wire or smaller, five-eighths inch tape for No. 14 to No. 10 
wire inclusive, and three-fourths inch tape for wires larger 
than No. 10. Start the tape near the middle of the joint and 
using a half lap, wind about one-half inch beyond the braid 
at one end; then back to one-half inch beyond the braid 
at the other end, thence back and finish near the middle of the 
joint. In order to make a neat, strong joint, it is necessary to 
draw the tape tight during the whole operation. 

See Figs. 254, 258, 262, and 266 for appearance of finished 
joints. Care should be taken to keep the nands free from oils 
or grease, as these will injure both the rubber tape and the 
adhesive qualities of the friction tape. 
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CX)MPARISON OF BROWN & SHARPS AND BIRMINGHAM 

WIRE GAUGES 



BBOWN & 8KABPB OAUCT 


BiBMDIQHAM 


WIBB GAUCU 


Qauge 
Num- 
ber 


in 
Inches 


Area 


Gauge 
Num- 
ber 


Diam. 

in 
Inches 


Area 


CIreular 
Mils 


Square 
Inches 


Circular 
Mils. 


Square 
Inches 


0000 


.4600 


211600 


.166190 


0000 


.4640 


266100 


.161883 


000 


.4096 


167800 


.131790 


000 


.4260 


180600 


.141863 


00 


.3648 


133100 


.104618 


00 


.3800 


144400 


.113411 





.3249 


105500 


.082887 





.3400 


• 
115600 


.090792 


1 


.2893 


83690 


.066732 


1 


.3000 


90000 


.070686 


2 


.2676 


66370 


.062128 


2 


.2840 


80660 


.063347 


3 


.2204 


62630 


.041339 


3 


.2690 


67080 


.052686 


4 


.2043 


41740 


.032784 


4 


.2380 


66640 


.044488 


5 


.1819 


33100 


.026999 


6 


.2200 


48400 


.038013 


6 


.1620 


26260 


.020618 


6 


.2030 


41210 


.032365 


7 


.1443 


20820 


.016361 


7 


.1800 


32400 


.026447 


8 


.1285 


16610 


.012967 


8 


.1660 


27230 


.021382 


9 


.1144 


13090 


.010283 


9 


.1480 


21900 


.017203 


10 


.1019 


10380 


.008156 


10 


.1340 


17960 


.014103 


11 


.0907 


8234 


.006467 


11 


.1200 


14^00 


.011310 


12 


.0808 


6630 


.005129 


12 


.1090 


11880 


.009331 


13 


.0720 


6178 


.004067 


13 


.0960 


9026 


.007088 


14 


.0641 


4107 


.003225 


14 


.0830 


6889 


.006411 


16 


.0671 


3267 


.002668 


15 


.0720 


6184 


.004072 


le 


.0608 


2683 


.002029 


16 


.0650 


4225 


.003318 



Noxa.— 1 Mil.=.001 ineh. 1 Oroolar Mil.=ArM of 1 Mil. diameter. 
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BOFT-DRAWN COPPER WIRE 



Number 
B. AS. 
Gauge 


Diameter 

Bare Wire 

In Inches 


RniBTANCl IN 

Ohms at 68*> F 


Wbioht in 


r Pounds 


1 


Bare Wire 


R. S. A. 
INBTTLATION 


Per 

1000 Ft. 


Per 

Mile 


Per 
1000 ft. 


Per 

Mile 


Ptf 

1000 ft. 


Per 

Mile 





.325 


.10 


.52 


320 


1687 


525 


2772 


1 


.289 


.12 


.65 


253 


1337 


423 


2233 


2 


.25^ 


.16 


.82 


201 


1062 


358 


1890 


4 


.204 


.25 


1.31 


126 


667 


224 


1183 


6 


.162 


.39 


2.08 


79 


419 


158 


834 


8 


.128 


.63 


3.31 


50 


264 


116 


613 


9 


.fu 


.79 


4.18 


40 


209 


85 


449 


10 


.102 


1.00 


5.27 


31 


166 


80 


422 


12 


.081 


1.59 


8.37 


20 


104 


61 


322 


14 


.064 


2.52 


13.31 


12 


66 


50 


264 


16 


.051 


4.01 


21.17 


8 


41 


32 


169 







i 


3ALVANIZED 1 


[RON 


AND STEEL WIRE 






Number 
B. W. Q. 


Diameter 
in Inches 


Brrakinq 

Wbiqhts 

Pounds 


rbsutancb pbr 

Milk in Ohms. 

AT 68*» F. 




Wbiqht 


IN Pounds 


1 


Bare Wire 


Double Braid 
Weather- 
proof 


Triple Braid 
Weather- 
proof 


Iron 
4821 


Steel 
9079 


E.B.B 


B.B. 


Steel 


Per 

1000 

ft. 


Per 

Mile 


Per 

1000 
ft. 


Per 
MUe 


Per 

1000 

ft. 


Per 

Mile 





.340 


2.93 


3.42 


4.05 


304 


1607 


« ■ • 


... 


• • « 


• • • 


1 


.300 


3753 


7068 


3.76 


4.4 


6.2 


237 


1251 


• ■ • 


• « • 


• • • 


• . • 


2 


.284 


3363 


6335 


4.19 


4.91 


5.8 


212 


1121 


• • • 


• • • 


• • • 


• ■ • 


4 


.238 


2361 


4449 


5.97 


6.99 


8.26 


149 


787 


163 


860 


178 


940 


6 


.203 


1719 


3237 


8.21 


9.6 


11.35 


109 


573 


126 


665 


140 


740 


8 


.165 


1134 


2138 


12.42 


14.53 


17.18 


72 


378 


89 


470 


100 


525 


9 


.148 


915 


1720 


15.44 


18.06 


21.35 


58 


305 


76 


400 


85 


450 


10 


.134 


760 


1410 


18.83 


22.04 


26.04 


47 


250 


66 


350 


76 


400 


12 


.109 


495 


933 


28.46 


33.3 


39.36 


31 


165 


43 


225 


49 


200 


14 


083 


288 


541 


49.08 


57.44 


67.88 


18 


96 


28 


145 


33 


176 


16 


.065 


177 


832 


80.03 


98.66 


110.7 


11 


59 


• • • 


• • • 


• • • 


« • • 



^ 
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HARD-DRAWN COPPER WIRE 



Number B. A 8. 
Gauge 


Diam- 
eter 
Bare 
Wire 
in In. 


Break- 
ing 
Weight 
in 

PoundB 


RaSXBTANCB 


Weiqht in Pounds 1 


IN OHlfS AT 
68«F. 


Bare Wire 


Double Braid 
Weatherproof 


Triple BraldJ 
Weath'rproolj 


Per 

1000 

Ft. 

1 


Per 
Mile 


Per 

1000 

Ft. 


Per 

Mile 


Per 
1000 
Ft. 


Per 
MUe 


Per 

1000 

Ft. 


Per 
Mile 




1 

2 

4 

6 

8 

9 

10 

12 

14 

16 


.325 
.289 
.258 
.204 
.162 
.128 
.114 
.102 
.081 
.064 
.051 


4973 

3943 

3127 

1967 

1237 

778 

617 

489 

307 

193 

133 


.10 

.13 

.16 

.26 

.41 

.64 

.81 

1.02 

1.62 

2.20 

4.12 


.53 

.67 

.85 

1.35 

2.14 

3.39 

4.29 

5.41 

8.60 

11.59 

21.74 


320 

253 

201 

126 

79 

50 

40 

31 

20 

12 

8 


1687 

1337 

1062 

667 

419 

264 

209 

166 

104 

66 

41 


377 

294 

239 

151 

100 

66 

54 

46 

30 

20 

16 


1989 

1553 

1264 

795 

529 

349 

283 

241 

158 

107 

83 


407 

316 

260 

164 

112 

75 

62 

53 

35 

25 

20 


2150 
1670 
1370 
865 
590 
395 
325 
280 
185 
130 
105 



COPPER-CLAD WIRE— GRADE "A" 
Bright, Habd Dbawn 



Number B. A S. 
Gauge 


Diam- 
eter 
Bare 
Wire 
failn. 


Break- 
ing 

Weight 
in 

PoundB 


Rebibtancb 


Weiqht in Pounds 1 


IN Ohms at 
60"»F. 


Bare Wire 


Double Braid 
Weatherproof 


Triple BraidJ 
Weath'rproolj 


Per 

1000 

Ft. 


Per 

MUe 


Per 

1000 

Ft. 


Per 
Mile 


Per 
1000 
Ft. 


Per 

Mile 


Per 
1000 
Ft. 


Per 
MUe 




1 

2 

4 

6 

8 

9 

10 

12 

14 

16 


.325 
.289 
.258 
.204 
.162 
.128 
.114 
.102 
.081 
.064 
.051 


5472 

4798 

3804 

2721 

1797 

1187 

984 

780 

512 

334 

216 


.32 

.41 

.51 

.81 

1.29 

2.05 

2.59 

3.26 

5.20 

8.25 

13.14 


1.70 

2.14 

2.70 

4.29 

6.82 

10.84 

13.68 

17.24 

27.43 

43.60 

69.40 


293 

232 

184 

116 

73 

46 

36 

29 

18 

11 

7 


1546 

1226 

972 

611 

384 

242 

192 

152 

96 

60 

38 


350 

273 

223 

140 

94 

62 

51 

43 

28 

19 

15 


1850 

1443 

1177 

740 

494 

327 

266 

227 

149 

101 

80 


381 

295 

243 

153 

105 

71 

58 

51 

33 

24 

19 


2011 
1560 
1283 
810 
555 
373 
308 
266 
176 
127 
102 



Note. — Average conductivity, 30 per cent. Minimum conductivity, 27 
per cent. 
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COMMON RETURN WIRE 
Dbtbricinatzon op thu Rbquibxd Bum Wtbx fob a GrvaN 

LnvroTH OP Coioion 



Max. 


NnuBXR or Ck)Mii0N Wisb. B. A B. Gauob 


Max. 


Amps. 




















Amps. 


In 14 


12 10 


9 8 





4 


2 


1 





00 


(MIO 


in 


rVfcfn- 




















Oom« 


mon Ft. 


Ft. Ft. 


Ft. Ft. 


Ft. 
3220 


Ft. 
5120 


Ft. 
8140 


Ft. 
10275 


Ft. 
12960 


Ft. 
16300 


Ft. 
20660 


mon 


4.5 503 


802 1275 


1600 2025 


4.5 


6 378 


603 956 


1205 1521 


2420 


3860 


6115 


7710 


9740 


12260 


15460 


6 


7 324 


517 820 


1032 1306 


2075 


3300 


5245 


6620 


8360 


10060 


13260 


7 


9 254 


404 040 


807 1020 


1620 


2660 


4100 


5160 


6525 


8210 


10350 


9 


10 227 


361 575 


724 913 


1451 


2310 


3670 


4630 


5840 


7360 


9276 


10 


11.5 197 


314 503 


628 792 


1260 


2010 


3190 


4125 


6075 


6390 


8600 


11.5 


13 174 


278 441 


555 701 


1115 


1772 


2820 


3560 


4490 


5060 


7125 


13 


14 102 


258 410 


517 064 


1040 


1660 


2620 


3300 


4170 


5250 


6625 


14 


10 142 


220 359 


453 570 


907 


1445 


2205 


2890 


3060 


4000 


5800 


16 


18 120 


202 318 


410 507 


800 


1280 


2040 


2570 


3240 


4085 


6160 


18 


20 m 


181 287 


362 456 


720 


1155 


1835 


2312 


2920 


3080 


4630 


20 


22 103 


164 261 


329 415 


660 


1160 


1670 


2120 


2660 


3345 


4215 


22 


24 94 


151 239 


301 380 


605 


963 


1530 


1930 


2435 


3060 


3866 


24 


20 


139 221 


278 352 


560 


890 


1412 


1760 


2260 


2830 


3662 


20 


28 


129 205 


258 326 


518 


824 


1320 


1660 


2086 


2620 


3310 


28 


30 


120 191 


241 304 


485 


770 


1223 


1541 


1960 


2460 


3090 


30 


32 


179 


226 285 


455 


724 


1145 


1445 


1825 


2300 


2900 


32 


34 


108 


213 209 


427 


680 


1080 


1360 


1720 


2163 


2730 


34 


30 


160 


201 254 


405 


644 


1020 


1290 


1625 


2046 


2580 


30 


38 


... 151 


190 240 


383 


610 


965 


1220 


1540 


1935 


2440 


38 


40 


... 143 


181 228 


304 


578 


917 


1158 


1460 


1840 


2320 


40 


42 




172 217 


346 


560 


875 


1101 


1392 


1755 


2210 


42 


44 




164 208 


331 


525 


835 


1063 


1330 


1672 


2110 


44 


40 




157 198 


315 


600 


795 


1003 


1266 


1506 


2010 


40 


48 




151 190 


303 


481 


765 


966 


1215 


1632 


1931 


48 


50 




145 182 


290 


462 


734 


925 


1170 


1470 


1855 


50 


52 




... 175 


279 


443 


703 


887 


1120 


1410 


1775 


62 


54 




... 169 


209 


427 


680 


856 


1070 


1360 


1715 


54 


50 




... 163 


259 


412 


665 


825 


1040 


1312 


1656 


56 


58 




... 157 


260 


396 


633 


798 


1010 


1270 


1600 


58 


00 




... 152 


242 


385 


612 


770 


975 


1225 


1545 


60 


02 






235 


373 


594 


747 


946 


1188 


1600 


62 


04 






227 


362 


575 


726 


915 


1150 


1460 


64 


00 






220 


350 


566 


700 


886 


1130 


1405 


66 


08 






213 


338 


539 


679 


866 


1080 


1300 


68 


70 






207 


329 


524 


661 


836 


1060 


1325 


70 


72 






201 


320 


510 


043 


810 


1020 


1286 


72 


74 






190 


312 


495 


026 


788 


992 


1250 


7- 


70 






191 


304 


483 


010 


no 


967 


1226 


70 


78 






180 


296 


471 


594 


760 


945 


UOO 


78 


80 






181 


288 


469 


578 


730 


919 


1160 


80 


NOTB.— 1 


?o determi 


ne maxim 


am re 


>tura 


ampe 


resin 


oomz 


non^ 


fire, a 


ddth 



amp«res taken by all functions likdy to be operated at the same time. 
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GENERAL RAILWAY SIGNAL COMPANY 



RELATIVE OOMPARISON OF COPPER AND ALUMINUM 

CONDUCTORS 



Metal 


Ov Equal Lbnoth 

AND CBOBS BBCTION 


Ov Equal Lbnoth axb cX)KDUCTifiTi 


Ckmduo- 
tlvity 


Reaiflt- 
anoe 


GroM 
Seetlon 


Weight 


Tensile 
Strength 


Ooet 


Copper 


100 


100 


100 


100.0 


100.0 


100 


Aluminum 


54 


185 


180 


54.0 


85.1 


185 


Aluminum 


55 


182 


176 


53.0 


83.5 


189 


Aluminum 


56 


179 


173 


52.0 


82.0 


192 


Aluminum 


67 


175 


170 


51.1 


80.6 


196 


Aluminum 


58 


172 


167 


50.2 


79.2 


199 


Aluminum 


59 


169 


164 


49.4 


77.9 


203 


Aluminum 


60 


167 


162 


48.6 


76.6 


206 


Aluminum 


61 


164 


159 


47.8 


75.8 


210 


Aluminum 


62 


161 


157 


47.0 


74.1 


213 


Aluminum 


63 


159 


154 


46.3 


72.9 


216 



CARRYINQ CAPACITY OF INTERIOR CONDUCTORS 
National Eluctbical Codb 



B. and B. Gauge 
Oopper 08% Oon. 


CONCBAUBO RUBBBB 
COVBBBD WXBJBB 


WIBU 


Amperes 


Amperes 


0000 


210 


312 


000 


177 


262 


00 


150 


220 





127 


186 


1 


107 


156 


2 


90 


131 


4 


65 


92 


6 


46 


66 


8 


83 


46 


9 


28 


38 


10 


24 


32 


12 


17 


23 


14 


12 


16 


16 


6 


8 



Notb. — Pormiarible heating only considered in above figures. 
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DIMENSIONS OF BAILWAY SIGNAL ASSOCIATION STANDARD 

RUBBEIUCOVERED COPPER WIRE 



Bise of Wire 
B. A 8. Gause 


Diameter of 


niiekneflB of 


Thickneas of 


Total 


Wire 
Inch 


Insul&tkm 
Ineli 


One Braid 
Inch 


Diameter 
Ineb 





»%4 


%4 


%4 


*%4 


1 


1%4 


%4 


%4. 


»%4 


2 


1%4 


%4 


%4, 


»%* 


4 


1%4 


%4 


%4 


»^44 


6 


1%4 


%4 


%4 


«%4 


8 


%4 


%4 


%4 


«%4 


9 


%4 


%4 


%4 


«%4 


10 


%4 


%4 


%4 


«%4 


12 


%4 


%4 


%4 


1%4 


14 


%4 


%4 


^ 


»%4 


16 


%4 


%4, 


%4, 


'%4 



NoTB. — For each additional braid add four sixty-fourths inches to total 
diameter. For eaeh layer of tape add two sixty-fourtha inches to total 
diameter. 



DIMENSIONS OF MANUFACTURER'S ENdlNEERS' STANDARD 

RUBBER-COVERED COPPER WIRE 



Sixe of Wire 
B. A B. Gauge 


Diameter of 
Wire 
Inch 


TtalcknesB of 

Insulation 

Inch 


Tldoknefls of 

One Braid 

Inch 


Thickness of 

One Tape 

Inch 


Total 
Diameter 





»H4 


%4 


%4 


%4 


*%i 


1 


1%4 


%4 


%4 


%4 


*Hi 


2 


1%4 


%4 


%i 


%4 


•Hi 


4 


»%4 


%4. 


%4 


Hi 


•Hi 


6 


1%4 


%4 


%4 


^ 


*Hi 


8 


%i 


%4 


%4 


Hi 


•Hi 


9 


%4. 


%4 


%4 


Hi 


•Hi 


10 


%4 


%4 


%4 


Hi 


•Hi 


12 


%4 


%4 


%i 


Hi 


•Hi 


14 


%4. 


%4 


%l 


Hi 


•Hi 


16 


%4 


^ 


^ 


Hi 


»Hi 



Note. — For each additional braid add four sixty-fourtha inches to total 
diameter. For each additional layer of tape add two sixty-fourths indies 
to total diameter. 



TRUNKING, JUNCTION BOXES AND 

SUPPORTS 



EXTRACT FROM R. S. A. SPECIFICATION FOR 
ELECTRIC INTERLOCKING (1910) 

700. Trunking 

Material. 

(/) Trunking, when on stakes above ground and run- 
ning parallel with the track, shall not be placed nearer 
than six (6) feet from the gauge side of the nearest raQ 
except by ^>ecial permission. 

(g) Local conditions shall determine the height of 
trunking when above ground; in general, when trunkins 
is run parallel with the tracks, bottom of trunking shall 
be placed approximately six (6) inches above ground. 

U) Nails snail not be driven through the trunking from 
the inside of the groove nor shall they be driven into the 
groove from the outside. 

(/) Inside comer of trunking, at turns, must be rounded 
to prevent insulation on wires oeing injured. 

(k) Surfaces of trunking that are to be painted shall be 
finished. 

(I) Not less than one-third (^t) of the capacity of the 
groove shall remain free for the further installation of 
wires. 

(n) As specified, capping shall be securely fastened to 

trunking with | ^^^^jj^^® } Gate hooks may be used on 
main runs of trunking and nails on cross leads. 

703. Joints in Trunking 

(a) Unless otherwise specified, joints in ^ooved trunk- 
ing shall be lapped, the ends of trunking being beveled at 
an angle of forty-five (45) d^ees. 

(5) Joints in built-up trunking shall be staggered. 

(c) Joints in capping shall be made at least one (1) 
foot from joints in truimng. 

705. Trunking Supports 

MatericU. 

(a) Stakes shall be made of three (3) 

inches by four (4) inches, or of equivalent circular sec- 
tion and of sufficient length to allow them to l>e placed at 
least two (2) feet in the ground. When, due to local re- 
(^uirements, stakes of a greater length than three (3) feet 
SIX (6) inches, or a greater cross section than three (3; 
inches by four (4) inches will be necessary, information as 
to the number, length, and cross section will be furnished 
by the Purchaser to the Contractor. 
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Field work. 

(b) Trunkuig above eround shall be supported on stakes 
placed not more than nve (5) feet centers. 

Jd) Stakes supporting trunkinK shaU be placed verti- 
ly and extend at least two (2) feet below tne surface of 
the ground, unless otherwise soecified. 

(e) A piece of capping eignt (8) inches long and the 
width of the trunking shall he placed between the trunk- 
ing and each stake, 

(/) Each joint in the bottom of the trunking shall be 
supported by a stake. 

710. Junction Boxes 

Material. 

(a) Junction boxes shall be made of and 

so designed that terminals will be kept dry. Each junc- 
tion box shall be fitted with a cover, nasp, and staple. 

(b) Where ten (10) or less wires are used, jimction 
boxes shall be sixteen (16) inches square by twenty (20) 
inches deep, inside dimensions, and shall be increased six 
(6) inches in length for each ten (10) additional connec- 
tions or fraction thereof made in the box. 

FiM work. 

(c) Junction boxes shall be located as shown on 

drawing and at a height 

sufficient to allow terminals to be placed at least six (6) 
inches above top of trunkinflr. 

(d) Junction boxes shall be supported in the same 
manner as the trunking. 
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TABLE FOR DETEBMIKINQ REQUIRED SIZE OF TRUNKINQ 



Trunxino 


RUBBlSa-OOYKBBD OOPPKR WlU 
R. 8. A. aPBCmCATIONB 


Sise 

Bee 

Ftc.270 


Slseof 
Groove 
Incbes 


Area of 
Groove 
Sq. In. 


No. 


1 


No. 

1 


No. 
2 


No. 
4 


No. 
6 

3 


No. 

8 

3 


No. 
9 

4 


No. 
10 

5 


Na 
12 

5 


No. 

14 

5 


No. 
16 

7 


1 


1 xl 


1.00 


1 


1 

> 


2 


2 


mxi% 


1.87 


2 


2 


3 


5 


6 


6 


8 


9 


9 


10 


14 


3 


1 x2 


2.00 


2 


2 


3 


5 


6 


7 


9 


10 


10 


11 


15 


4 


l%xl% 


2.25 


2 


3 


3 


6 


7 


8 


10 


11 


11 


12 


17 


5 


l%xl% 


2.62 


2 


3 


4 


6 


8 


9 


12 


13 


13 


14 


19 


6 


l%x2 


3.00 


3 


4 


4 


7 


9 


10 


13 


14 


15 


16 


22 


7 


1% X 1% 


3.06 


3 


4 


5 


7 


9 


10 


14 


14 


15 


16 


22 


8 


2 x2 


4.00 


4 


5 


6 


10 


12 


13 


17 


18 


19 


21 


28 


9 


lHx3 


4. GO 


4 


6 


7 


11 


13 


15 


20 


21 


23 


24 


33 


10 


2 x3 


6.00 


6 


8 


9 


15 


18 


21 


27 


28 


30 


33 


44 


11 


2 x4 


8.00 


8 


10 


12 


19 


23 


27 


35 


37 


39 


42 


57 


12 


2 x6 


12.00 


12 


15 


18 


29 


35 


40 


53 


56 


59 


64 


86 



Nora. — Table baaed on wires filling trunking to 75 per cent, of ita 
maTinniTn capacity. 



TABLE FOR 


DETERMINING REQUIRED 


SIZE OF 


CONDUIT 


Conduit 


RUBBEP-COYSBSD OOFPBB WlBB. 


R. 8. A. SPBCmCATIONB 1 


Inside 
Diam. 


Area 
Inside 


No. 


1 


No. 

1 

1 


No. 
2 

1 


No. 
4 

2 


No. 
6 

2 


No. 

8 

2 


No. 
9 


No. 
10 


No. 
12 


No. 
14 


No. 
16 


Inch 


Sq. In. 


1 


.785 


3 


3 


4 


4 


5 


m 


1.77 


2 


2 


2 


4 


5 


5 


7 


8 


8 


9 


12 


2 


3.14 


3 


3 


4 


7 


8 


10 


12 


13 


14 


15 


21 


2% 


4.91 


4 


5 


7 


11 


13 


15 


20 


21 


22 


24 


32 


3 


7.07 


6 


8 


10 


16 


19 


22 


28 


30 


32 


35 


47 


3H 


9.62 


9 


11 


13 


21 


26 


30 


38 


41 


43 


47 


63 


4 


12.57 


11 


14 


18 


28 


34 


39 


50 


54 


56 


62 


83 



NoTS. — Table based on wires filling conduit to 75 per cent, of its 
mftximnm capacity. 



HLBCTRIC INTBKUICKINa HANDBOOK 




OBNERAl. RAILWAY SIGNAL OOUPANY 




Fia. 271. Tbdhkuo ahd Idhctioh Box Coi 



ei^anac intbrlockino handbook 
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Fio. 272. G. R. S. Split Elbow for Conduit 



DIBCENSIONS OF SPLIT ELBOW 



Slie 
Conduit 


Dimensions 1 


A 


B 


c 


Tnch 


Incb 


Inch 


Ineh 


2 

2% 

3 


2%« 

2i%a 

3He 


2Ue 
2iHe 

3%6 


2% 
3Ha 

3% 



^ 



SECTION* XIV 



PORTLAND CEMENT CONCRETE 



COVERING DESCRIPTION OF CLASSES 
OF CONCRETE, METHODS OF MIXING, 
AND TABLES OF VOLUMES OF MATE- 
RIALS REQUIRED 



PORTLAND CEMENT CONCRETE 

Storing 

IN storing cement, wooden blocks should be placed on the 
floor and covered with boards; the bags of cement should be 
piled on this to a depth of six or eight layers, keeping 
the piles six or eight inches away from the walls of the 
building so as to obtain a free circulation of air on all sides. 
The cement should be covered with canvas or roofing paper. 

The place chosen for storing the cement should be as drv as 
possible, as cement absorbs moisture from the atmosphere 
with ^eat readiness, soon becoming lumpy or even a solid 
mass if the storehouse is at all damp. In this condition it is 
useless and should be thrown away. Lumps caused by 
pressure while being stored must not be mistaken for cement 
that has been wet and has then hardened; lumps caused by 
pressure are easily broken, the cement being perfectly good. 

Portland cement is shipped in paper bags or cloth sacks, 
the second means being recommended as best for the average 
user. 

Pboportions of Materials for Goncretb 

A Rich Mixture, with proportions of 1 : 1^ : 8, is used for 
columns or other structural parts subjected to high stresses 
or requiring exceptional water-tightness. 

A Standard Mixture, with proportions of 1 : 2 : 4, is used for 
reinforced floors, beams, and columns, for arches, for rdn- 
forced engine or machine foundations subject to vibrations, 
for tanks, sewers, conduits and other wata^tight work. 

A Medium Mixture, with proportions of 1 : 2% : 5, is used for 
ordinary machine foundations, retaining walls, abutments, 
piers, thin foimdation walls, building walls, ordinary floors, 
sidewalks and sewers with heavy walls. 

A Lean Mixture, with proportions of 1 : 3 : 6 and 1 : 4 : 8, is 
used for unimportant worK in masses, for heavy walls, for 
hiTge foundations supporting a stationary load and for stone 
masonry backing. 

Consistency of Concrete 

A Medium or Quaking Mixture, of a tenacious, lelly-like con- 
sistency which quakes on ramming, shall be usea for ordinary 
mass concrete, such as foundations, heavy walls, laiige arches, 
piers and abutments. 

A Wet or Mushy Corusrete, so soft that it will not require 
ramming, shall be used for rubble concrete, and for reinforced 
concrete, such as thin building walls, columns, doors, con- 
duits and tanks. 

A Dry Concrete, of the consistency of damp earth, may be 
employed in damp locations for mass foundations, which must 
stand severe compressive strain within one month after placing, 
providing it is spread in six inch layers and rammed 
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until water flushes to the surface. Dry mixed concrete shall 
never be employed with steel reinforcement. 

Mixing Concrete by Hand 

For mixine concrete by hand, a water-tight platform is 
recommended on which is first spread the sand and then the 
required amount of cement. Two or more laborefs, an 
even number working on each side of the board, should syste- 
matically turn the cement into the sand with a slight "nip*' 
on leaving the shovel, being sure to cut to the bottom of the 
pile at each stroke. This operation will have moved the locar 
tion of the pile about two feet. Reversing the direction of 
the operation brings the pile to its original position, but in a 
mixed condition. By cutting into the pile with a shovel, an 
idea of the uniformi^ of mixing can eamy be obtained; the 
appearance of streaks indicates the need for another turning. 
If the mixture is of uniform color, the required amount of 
stone may be distributed over the pile, which should be turned 
in the same manner until thoroughl^r mixed. Water is then 
added and the mass again turned imtil the desired consistency 
is secured. 

Mixing Concrete by Machine 

Recent experiments conducted on the strength of machine 
concrete mixed for var^ng periods indicate that the materials 
must remain in adtation with the water for at least a full 
minute. The tenc&ncy to rush work is not productive of good 
concrete, and should, consequently, be curbed. In general, 
machme mixinj; where carefully controlled is superior to hand 
woric, since fatigue of the workman has no influence upon the 
thoroughness of mixing. 

Cautions 

On adding water to the dry cement it becomes a soft, sticky 
paste, and will remain so for about one-half hour, after 
which it b^;ins to harden or "set." To disturb the concrete 
after this initial set has started means a decided loss in str^igth, 
while to disturb it aftrar the set is well under way means to 
destroy the concrete. It should, therefore, be remembered 
that Portland cement concrete must be placed in position 
within twenty or thirty minutes from the time after it is 
first wet. 

A green cement mixture, which can be easUy frozen at a 
temperature below 82 degrees Fahr., should be protected 
from exposure by placing canvas or roofing paper over the 
form and covering this with four or five incnes of earth or 
straw. Freezing does not materiaUy affect the binding qualities 
of good Portland cement, provided the concrete is not sub- 
jected to alternate freezing and thawhig, does not freeze 
imtil after placing, and is not subjected to anv load until 
it has been thawed out and allowed to "set" m the usual 
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way. It is safest to avoid mixing on days when the tem- 
perature is below the freesdng point, that is 32 degrees 
Fbhr. If it is necessary, however, to make concrete imder 
these conditions, the sand, water and stone should be heated, 
and if the cold is severe, salt should be added in proportions of 
two pounds to each cubic yard of concrete. 



EDITOR'S NOTE 

Above article based on data furnished by Universal Portland 
Cement Company, 




Fxe. 273. llxAsORiNO Box 



DIMENSIONS OF 


MEASURING 


BOXES 


FOR TWO BAG 


BATCH ( 


OF CONCRETE 


PBOFORTIONS 


SiZK or Measttring Box 1 


Cancnt 

(2 bags) 


Sand 


Stone 

or 
GntTel 


Sand 


Stone or Gravel 


A 


B 


C 


A 


B 


C 


Ft. In. 


Ft. In. 


In. 


Ft. In. 


Ft. In. 


In. 




l^ 


3 


3-0 


2-0 


6 


3-0 


2-0 


12 




2 


3 


4-0 


2-0 


6 


3-0 


2-0 


12 




2 


4 


4^ 


2-0 


6 


4-0 


2-0 


12 




2% 


4 


4^ 


2-6 


6 


4-0 


"2-0 


12 




2V4 


5 


4-0 


2-6 


6 


4-0 


2-6 


12 




3 


6 


4-0 


3-0 


6 


4-0 


2-6 


12 




3 


6 


4-0 


3-0 


6 


4-0 


3-0 


12 



V 
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VOLUME OF CX)MPACTED STONE OR GRAVEL CONCRETE 

PER SACK OF CEMENT 



PBOPOBnONB 


QuANTinss 1 


Ommt 


Saad 


Gravel or 
Stone 


Cement 
Sacks 


Sand 


Gravel or 

Stone 


Concrete 
















Gil Ft. 


Cu. Ft. 


Cu. Ft 




1% 


3 




1.5 


3.0 


3.52 




2 


3 




2.0 


3.0 


3.90 




2 


4 




2.0 


4.0 


4.48 




2% 


4 




2.5 


4.0 


4.85 




2% 


5 




2.5 


5.0 


5.45 




3 


5 




3.0 


5.0 


5.80 




3 


6 




3.0 


6.0 


6.40 



MATERIALS REQUIRED FOR ONE CUBIC YARD OF 
COMPACTED STONE OR GRAVEL CONCRETE 



Proporitonb 


QUANTITISB 1 


OemMit 


Sand 


Stone or 
Oravel 


Cement 


Sand 


Stone or Gravel 


Sacks 


Cu.Ft. 


Cu.Yds. 


Cu. Ft. 


Cu. Yds. 




m 


3 


7.64 


11.5 


.43 


23.0 


.85 




2 


3 


6.96 


13.9 


.51 


20.9 


.77 




2 


4 


6.04 


12.1 


.45 


24.2 


.90 




2^ 


4 


5.56 


13.9 


.51 


22.2 


.82 




2^ 


5 


4.96 


12.4 


.46 


24.8 


.92 




3 


5 


4.64 


13.9 


.51 


23.2 


.86 




3 


6 


4.24 


12.7 


.47 


25.4 


.94 



Stone and gravel considered as having 45 per cent, voids. 
Tables based on 1 sack cement =1 cubio foot. 
4 sacks cement =1 barrel. 

Above Quantities may vary 10 per cent, in either direction, depend- 
ing upon the materials used and the compaotneas of the concrete. 

Data far dbcne toUes from fht Univendt Portland CemefU Company. 
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R. S. A. SPECIFICATIONS FOR PORTLAND CEMENT 

CONCRETE (1912) 

1. General 

These specifications are for making concrete as used in 
signal construction. 

2. Cement 

Cement shall be Portland, either American or Foreign, 

wUch will meet the requirements of the 

specifications. 

3. Sand 

Sand shall be clean, sharp, coarse, and of grains varsring 
i^ size. It shall be free from sticks and other foreign 
matter, but it may contain clay or loam not to exceed five 
(5) per cent. Crusher dust, screened to reject all particles 
over one-fourth (%) inch in diameter, may be used instead 
of sand, if approved by the Engineer. 

4. Stone 

Stone shall be sound, hard, and durable, crushed to sizes 
not exceeding two (2) inches in any direction. For rein- 
forced concrete, sizes usually are not to exceed three- 
fourths (%) inch in any^ direction, but may be varied to 
suit character of reinforcing material. 

5. Gravel 

Gravel shall be composed of clean pebbles of hard and 
durable stone of sizes not exceeding two (2) inches in 
diameter and shall be free from clay and other impurities 
except sand. When containing sand in anv considerable 
quantity, the amount of sand per unit of volume of gravel 
shall be determined accurately, to admit of the proper 
proportion of sand being maintained in the concrete 
mixture. 

6. Water 

Water shall be clean and reasonably clear, free from 
sulphuric acid or strong alkalies. 

7. Measure 

The unit of measure shall be the barrel, which shall be 
taken as containing three and eight^tenths (3.8) cu. ft. 
Four (4) bags containing ninety-four (94) poimds of 
cement each snail be considered the equivalent of one (1) 
barrel. Fine and coarse SLfgregjaAxa shall be measured 
s^arately as loosely thrown mto the measuring receptacle. 
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8. Density of Ingredients 

(a) For pipe carrier foundations and reinforced con- 
crete, a density proportion based on 1 :6 is recommended, 
i. e., one (l") part of cement to a total of six (6) parts of 
fine and coarse aggregates measured separately. 

(b) For signal and other foundations madfe in place a 
density proportion based on 1 :9 is recommended, i. e., one 
(1) part of cement to a total of nine (9) parts of fine and 
coarse aggregates measured separately. 

9. Mixing 

(a) Tight platforms shall be provided of sufficient size 
to accommodate men and materials for progressive and 
rapid mixins. Batches shall not exceed one (1) cu. yd. 
and smaller batches are preferable. ^ 

(6) Spread the sand evenly upon the platform, then the 
cement upon the sand, and mix thoroughly until of an 
even color. Add all the water necessary to make a thin 
mortar and spread again; add the gnivel if used, and 
finally the brolcen stone, both of which, if dr^, should first 
be thoroughly wet down. Turn the mass with shovels or 
hoes until thoroughly incorporated, and all the gravel and 
stone is covered witn mortar; thiis will probably require 
the mass to be turned four (4) times. 

(c) Another approved method, which may be permitted 
at the option of the Engineer in charge, is to spread the 
sand, then the cement and mix dry, then the gravel or 
broken stone. Add water and mix thoroughly as above. 

(d) A machine mixer may be used whenever the volume 
of work will justif]r the expense of .installing the plant. 
The necessary requirements for the machine will be that 
a precise and regular proportionine of materials can be 
controlled and that the product delivered shall be of the 
required consistency and thoroughy mixed. 

10. Consistency 

The concrete will be of such consistency that when 
dumped in place it will not require much tamping. It 
shall be spaaed down and tamped sufficiently to level off, 
and the water should rise freely to the surface. 

11. Forms 

(a) Where necessary, forms shall be well built, substan- 
tial and un^elding, properly braced, or tied together by 
means of wire or rods, and shall conform to lines nven. 

(b) For all important work, the lumber used for face 
work shall be dressed on one (1) side and both edges to a 
imiform thickness and width, and shall be sound and free 
from loose knots, secured to the studding or uprights in 
lunusontal lines. 
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(c) For backings and other rough work undressed lum- 
ber may be used. 

(d) Where comers of the masonry and other projections, 
liable to injury, occur, suitable moldings shall be placed 
in the angles of the forms to round or bevel them off. 

(e) Liunber once used in forms shall be cleaned before 
being used again. 

(/) The forms must not be removed within thirty-six 
(33) hours after all the concrete in that section has been 
placed. In freezing weather they must remain until the 
concrete has had a sufficient time to become thoroughly 
hardened. 

(g) In dry, but not freezing, weather the forms shall be 
drenched with water before the concrete is placed against 
them. 

12. DiSPOsmoN 

(a) Each layer shall be left somewhat roiigh to insure 
bonding with the next layer above; and if it be already 
set, shall be thoroughly cleaned and scrubbed with coarse 
brushes and water before the next layer is placed upon it. 

(b) Concrete shall be deposited in the molds in layers of 
uniform thickness throughout. 

(e) The work shall be carried up in sections of convenient 
length and each section completed without intermission. 

(d) In no case shall work on a section stop within eighth 
een (18) inches of the top. 

(e) Cloncrete shall be placed immediately after mixing 
and any having an initial set ^hall be rejected. 

13. Facing 

(a) The facing will be made by carefully workins the 
coarse material back from the form by means of a shovel 
bar or similar tool, so as to bring the excess mortar of the 
concrete to the face. 

(b) About one (1) inch of mortar (not grout) of the 
same proportions as used in the concrete may be placed 
next to the forms immediately in advance of the concrete. 

(c) Csre must be taken to remove from the inside of the 
forms any dry mortar, in order to secure a perfect face. 

14. Finishing 

(a) After the forms are removed, which should generally 
be as soon as possible after the concrete is sufficiently 
hardened, any small cavities or openings in the face shall 
then be neatly ffiled with mortar. The entire face shall 
then be washed with a thin grout of the consistency of 
whitewash, mixed in the same proportion as the mortar 
of the concrete. The wash shall be applied with a brush. 
The earlier the above operations are performed the better 
will be the result. 
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(h) The top surfEUse of all crank, compensator, well hole, 
lock, dwarf, and high signal foundations shall be rubbed 
smooth by hand andf shall be true to grade and line. 

15. Waterproofino 

Where waterproofing is required, a thin coat of mortar 
or grout shall be applied for a finishing coat upon which 
shaB be placed a covering of suitable waterproofing mate^ 
nal. 

16. Freezing Weather 

Concrete to be left above the surface of the ground shall 
not be constructed in freezing weather, except bv special 
instructions. In this case the sand, water and broken 
stone shall be heated, and in severe cold, salt shall be added 
in proportion of about two (2) pounds per cu. yd. 

17. Reinforced Concrete 

Where concrete is deposited in connection with metal 
reinforcing, the greatest care must be taken to insure the 
coating of the metal with mortar, and the thorough com- 
pacting of the concrete around the metal. Whenever it 
IS practicable the metal shall be placed in position first. 
This can usually be done in the case where the metal 
occurs in the bottoms of the forms, by supporting the 
metal on transverse wires, or otherwise, and then flushing 
the bottoms of the forms with cement mortar, so as to get 
the mortar under the metal, and depositing the concrete 
immediately afterward. The mortar for fliishing the bars 
shall be composed of one (1) part cement and two (2) parts 
sand. The metal used in the concrete shall be free from 
dirt, oil, or grease. All mill scale shall be removed, by 
hammenng the metal, or preferably by pickling the same 
in a weak solution of muriatic acid. No salt shall be used 
in reinforced concrete when laid in freezing weather. 
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WRITTEN CIRCUITS 

WRITTEN Circuits, as hereafter described, have been de- 
signed to overcome the faults in the old method of 
circuit drawing which developed upon attempting its 
application to large interlocking installations. 

A circuit plan for an interlocking, drawn up by the old 
method, consisted of a track plan, more or less to scale, on 
which plan svmbols of the various pieces of apparatus were 
shown, placed as far as possible in their proper relative posi- 
tions; such points as should be electrically connected were 
joined by lines representii^ wires. 

While this metnod has been of great value in the past and 
stiU remains so for typical circuits, automatic signal work and 
small interlocking pknts, the plans run into such size when 
used for large mterlocking installations as to practically 
prohibit its use in connection with that class of work. 

It is true, furthermore, that a great deal of unnecessary 
labor is involved in both drawins and deciphering the circuits. 
For example: The engineer in mrawin^ up such a plan begins 
with some simple sketches, perhaps usmg s^bols of his own 
invention. After carefully checkmg these circuits and assur- 
ing himself of their correctness, he converts them into the 
rather elaborate form described above, in which the attempt 
to keep down the size of the plan is very apt to result in a 
cramped arrangement of apparatus and a tangle of wires. 
When the man on maintenance or installation wishes to make 
use of these circuits, he has to reverse the process and reduce 
the composite drawing to its simple elements. 

Written circuits have been designed to eliminate this im- 
necessary work and especially to secure plans in which the 
complete circuit for any given switch, sig;nai, or other fimction, 
can oe written on a page of ordinaiy size without crowding, 
these pages being boimd together in a book which will easi^ 
and instantlv permit reference to be made to any portion of 
the wiring of tne plant. 

A set of plans drawn up in accordance with this method 
involves the following: 

1. Location Plan, This shows the relative location of 
track, interlocking station, switch and signal functions, track 
rela^rs, switch circuit controllers, etc. Notes, such as for the 
routine: of signal arms, should be included on this plan. 

2. Typiccd Plan of Special CircuiU. This shows what is 
proposed to be accomplished in route locking, etc., these 
circuits to be drawn up either by the old method, or in "written'* 
form, as desired. 

3. Typical Plana of Signal Circuits, SwUch Circuits, etc, 

4. Special Circuits, made up in ** written" form. These 
special circidts are separated so that circuits not connected 
together are kept entirely apart from each other, being drawn 
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up on separate sheets. This desirable feature causes the 
"written'^ circuits to be exceptionally clear and permits their 
being readily erasped. 

5. Detail Wiring Plans. It may be helpful under certain 
conditions to add to the circuits listed aoove, detail plans 
showing the wiring for the indicator group and interlocking 
machine. 

In drawing up such circuits it is necessary to use a nomen- 
clature for nammg the apparatus and to adopt symbols to be 
used in writing the circuits. A nomenclatiu*e of operated units 
and of circuits, which has been used for some time by the 
General Railway Signal Company and foimd thoroughly 
practicable is eiven on the following pages. 

On page 337 is eiven a nomenclature of wires. It is to be 
understood that this is equally applicable to written circuits 
or to circuits drawn up by the older methods. 



NOMENCLATURE OF OPERATED UNITS 

A — Approach Relay or Indicator. With nuipber as pre- 
fix, indicating number of principal signal up to which the 
approach section controlling same leads, as lOA. 

B — Positive Battery Wire. Used alone where only one 
battery voltage is in use. When used with H as a 
suffix CBH) indicates 110 volt battery. When used with 
L as a suffix (BL) indicates low voltag^e battery. When 
more than one low voltage battery is used with dif- 
ferent voltage, use number indicating voltage as further 
suffix, as BLr-10, indicating 10 volt battery. 

C — Common Wire. Used alone when only one common is 
in use. When used with H as a suffix (CH) indicates 
110 volt common. When used with L as a suffix (CL) 
indicates low voltage common. When more than one 
high voltage or low voltage common is used, use num- 
bers as further suffixes. (CH-1, CH-2, CLr-l, etc.) 

D — Relay or Indicator Controlling the Nineijf Degree Posi- 
tion or Distant Function of a Signal. With prefix indi- 
cating the number of principal signal which it controls, 
as lOD, indicating relay or indicator controlling the 
ninety degree position of signal No. 10, or signal No. 
10 if It is a distant signal in two position signaling. 

E — Special Relay or Indicator (other than T, D, H, K, or P 
relays and indicators). With number as prefix indi- 
cating number of principal unit entering into its control, 
or indicating principal unit which it controls. 

F — Relay or Indicator Repeating a Track Relay or Signal. 
With number as a prefix indicating number of relay or 
signal which it repeats, as lOP. 
PP — Floor Push. 
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G — Switch Indicator, With number of signal governing 
through block in which switch is located as prefix, as lOU. 
H — Relay or Indicator ConiroUing Forty-five Degree Poeition 
or Home Function of a Standi, With prefix indicating the 
number of principal signal which it controls, as lOH, mdi- 
catin^ relay or indicator controlling the fort^-five degree 
position of signal No. 10, or signal No. 10 if it is a home 
signal in two position sig;naling. 
J — Junction Box or Terminal Board, With arbitrary num- 
ber as prefix, as 10 J. 
K — Lock Relay, Used in connection with route or detector 
lockine for interrupting the current supply to switch 
and derail machines, etc., with number as a prefix, 
indicating track section affected by it, as lOK. 
KS-- Knife Switch. 
L — Lever Lock, With prefix indicating number of lever 
which it locks, as lOL, meaning lock on lever No. 10. 
LA — Lightning Arrester, 
LC — Lo^h Contact, With prefix indicating number of lever, 

as lOLC. 
M — Man^hole. With arbitrary number as prefix, as lOM. 
PB — Push Button or Strap Key. 

PC — Pole Changing Relay, With prefix indicating number 
of signal at which relay is located or number of signal 
controlled bv it. 
S — Stick Relay, Used in connection with route locking. 
With number as prefix, as lOS, meaning stick relay 
locking route of signal No. 10, or locking operated units 
in track section lOT, if separate stick relays are used 
for each track section. 
SL — OuUying Switch Lock, With number as prefix indi- 
cating number of controllii^; lever. Use arbitrary 
number if there is no controlling lever. 
T — Track Circuit, With number as prefix indicating num- 
ber of track circuit, as lOT, which is also the name of 
the track relay for track circuit lOT. 

NoTB. — The number for the track oirouit ia taken from the foUowing in 
the order ffiven: 

M. P. Prog or 

Switch or 

Derail or 

Arbitrary numbers 01, 02, 03, etc. 

TL — Tra/yic Lock, With prefix indicating number of lever 

which it controls, as lOTL. 
TP — Tekph(me. 
TR — Time Release, With number as prefix indicating 

principal unit which it releases, as lOTR. 
V — Electric Slot, With number of sig^nal as prefix, as lOV. 
XB — Crossing Bdl, With arbitrary number as prdfix, such 

as lOXB. 
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NOMENCLATURE OF CIRCUITS 
Symbols for Operated Units 

An operated unit (sisnal, relay, indicator, etc.) is repre- 
sented by a rectangle witn the number and letter of the relay, 
signal, etc., inside, thus: 



10 H 



10 F 



10 



The forty-five degree mechanism of a three-position signal 
is indicated thus: 



10 
45 



And the ninety degree thus: 



10 
00 



Circuit Controllers Operated by Switch Points 



Closed when switch is normal,. . 

Closed when switch is reversed, . . . 

Closed when switch is normal and 
locked in position, 

Closed when switch is reversed and 
locked in position, 



/• Switch Number 
10 



.©. 



10 



m 



10, 



Circuit Controllers Operated by Signals 

Closed at 0** only, 

Closed at 45** only, 

Closed at 90° only, 

Closed at 60° only, 

Closed between 0° and 45**, .... _^_ 

Closed between 45° and 90°, etc., . . 



^ signal Number 
10 



10_ 
"So" 

TSo 



"tSs 



F6% 
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Ofbrated by Levebs 

N B C D R Symbol 



N — Full noniial pomtion of lever. 
B — Nonmd indication poedtion. 
C —^Intermediate poaition. 
D — Revene indication position. 
R — Full revise position. 



Relay amd Indicatob Contacib 

Neutral front contact, ,(j 

Neutoal back contact, . . 
Normal polarized contact, 




Reverse polarized contact, 



TtUB Release: CotrrACr 



Normally closed. 
Normally opm, 
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Latch Contact 



Normally closed, 
Normally open, . 



-yiotc^ 

-10LC - 



Push Button or Strap Key 
Normally closed, V^^ 

Normally open, pb- 

Knife Switch 
Normally closed, V*^*/ 

Normally open, ks - 



Terminal 



10 J 



Meaning terminal in jimction box 
No. 10 or on terminal board No. 
10. 

Nom. — SmfJl numbera 'written as exponents to the right and above 
relay numbers, lever numbers, etc., indicate contact numbers. 

Relay or indicators contacts are numbered from left to rigiht looking 
toward the relay. 



Graphical Symbous for Circuit Controllers 
Operated by Levers 

Model 2, interlocking machine. 




Lever Contact Numbering 

Model 2, interlocking machine. 

Bottom Top 



\ 



M M U U 
M H W W 



RevcR5e 



liORMAU 
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NOMENCLATURE OP WIRES 

The matter of primary importance in naming wires is to 
have a different name for eacn wire and have it so shown on 
both the plan and suitable tags attached to the wires: this in 
order that a wire on the ground may be quickly identified on 
the plan. 

At the same time it is highly desirable to have a wire nomen- 
clature system that is suggestive, so as to reduce, as far as 
possible, the necessity for reference to plans. 

On account of the multitude of circuit combinations possible, 
a system must be rather elastic. With all of the above taken 
into consideration, the following is submitted as a practical 
system of wire nomenclature. 

NoTB. — Names of wires are shown on plans in brackets, thus: (lOD). 
Number of cable containing a wire may be written above and at right 
angles to the wire, thus: o 

I — Indication Wire, With number of unit which it indi- 
cates as prefix, as 101. 
LL — Lighting Wire. 

N — Normal Control Wire. With number of operated unit 
which it controls as prefix, as ION. 

P — Ninety Degree Control Wire, With number of signal as 
prefix, as lOP. 

R — Reverse Control Wire, With number of operated unit 
which it controls as prefix, as lOR. If 10 is a three-position 
signal, lOR is the name of the forty-five degree control 
wire. 

V — Slot Wire. With number of signal as prefix, as lOV. 

X — Wire goin^ to positive battery through a circuit con- 
troller on a signal closed in the zero degree position only, 
with the number of the signal as a prefix, as lOX. 

Y — Wire going to positive battery through a circuit con- 
troller on a signal closed from zero to forty-five degrees 
only, with the number of the signal as a prefix, as 10 Y. 

Z — Wire going to positive battery through a circuit controller 
on a si^^oal closed in the clear position if the signal is a 
two-position signal, or closed from forty-five to ninety 
degrees if the signal is a three-position signal, with the 
number of the signal as a prefix, as lOZ. 
Wires not covered by the above are named as follows: 
A wire leading from the operating coil of a unit toward 
battel^ positive takes the name of this unit, as lOH, meaning 
the wire from the coil of home control relay for signal No. 10 
leading to positive. After passing through a circuit controller, 
it takes the number '*!" as a sufiix, as lOHl. This suffix 
number increases by one as the wire successively breaks through 
additional controllers. 

The wire leading from the operating coil to battery negative, 
takes the name of the unit with the Tetter "C" as a pr^x, as 
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ClOH, and after breaking through successiye controllem is 
written ClOHl, C10H2, etc. 

The above method applies directly to simple circiiits having 
no branches, thus: 



C-10FJ2!OHlL-,8F-iS!2HI 



10 H 



(10H) 



17 F 



i10H!},4F-.B 



In cases of branch wiring this method is applied directly to 
the principal circuit — circuit for superior route. The first 
branch from this circuit takes the sumxes 21, 22, etc., instead 
of 1, 2, etc. The second branch 41, 42, etc., thus continuing 
allowing twenty numbers for each branch. 



k'k 



I4.IH1H } i iWTJ f'l n 




JTbwer/^ 



.1000' 



^"^»- 



*TR 



fe»«>^ 




fL- 



BL 



BL- 



•03fT 



Situ 



M' 



0^ 



OtX' 



ii/^ 



•CL 






iS2l 



ilSL 




BL iTR*-ML- 3r*-M--. la^-flsi. 



LC 



CL ho 



.^i^ 



■-gffe> 



M ■ t f ^ <'^ i 



ML 



3r' 



ilfil 



I^J (iptf ^j.S ftPft ,p« flPl 



•a 



BL 



CH 



Fio. 274. Section of Location Plan with Special Ciboitits 



ELECTRIC INTERLOCKING HANDBOOK 



339r 



ILLUSTRATIONS 

Illustrative of '* Written Circuits" and "Wire Nomen- 
clature," is shown in Fig. 274, a section of an interlocking 
plant with the special circuits used in connection with such an 
arrangement. In accordance with the instructions given under 
"Location Plan" on page 331, the track plan with the rela- 
tive location of signal and switch functions, track relays and 
the interlocking station with its indicators, relays, etc., is shown. 

Below the track plan are shown the special circuits drawn 
up in written form. Referring to the sheets of nomenclature 
shown on the preceding pages, it will be seen that the circuit 




|_@Jl«r2 



tomt, -.CH 



t— zo^ ^Zl- 

L@$Sl2z2. 



0C42) 



^ — 



CH 
CH 
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shown at the top is for the control of the annunciator for 
signal No. 1, this taking low voltage battery through front 
contacts of the track relays for sections 03T and 02T. Sim- 
ilarly the control of lock IL takes battery through normally 
closed contact No. 2 of screw release ITR, the front point of 
home relay 3F, the front point of contact No. 2 of stick relay 
IS and the latch contact of the lock itself; the current after 
passing through the lock goes to the low voltaee common 
wire. Information regarding the operation of this type of 
flpecial circuit may be had by reference to the Section on 
''^Electric Locking Cmniits" (page 133). 

Fie. 275 illustrates the method of writing a signal selecting 
circmt. This is included principally to show the application oi 
the wire nomenclature to the different branches of the same 
circuit. The wires of each branch are designated in the same 
manner as in the principal circuit but with the suffixes 21, 22, 
23, or 41, 42, 43, etc., these depending upon the order in which 
the different branches are taken from the principal circuit. 
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(X)VERINO STANDARDS ADOPTED BY 
THE RAILWAY SIGNAL ASSOCIATION 
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SIGNAL ASPECTS AND SYMBOLS 



R. S. A. PRINCIPLES OF SIGNAL INDICATIONS 

(1906) 

(a) On all high signals conferring; or restricting rights a 
red lieht shall be the night indication for stop. A yellow 
l^ht snail be the night indication for caution, and a green 
light the night indi^tion for proceed. 

Note. — ^The word caution to be used as indicating the function of 
a distant signal. 

(&) The day indication of semaphore signals shall be 
given in the upper right-hand ouadrant. 

(c) The semaphore arm in the horizontal position shall 
indicate stop, mdined upward fort^-five (46) degrees, 
caution, and inclined upward, ninety (90) degrees, 

PROCEED. 

SIGNALING PRACTICE AS DEFINED BY THE 

R. S. A. (1913) 

Memorandum on the Essentials of Signaling 

Incorporated in the Report of the Committee on Trans- 
portation of the American Railway Association, May, 1911. 

"The reports of various Committees of the Railway Signal 
Association and of the American Railway Engineering Asso- 
ciation on the subiect of signaling have been suDmitted to this 
Committee, with tne request that the essentials of signaling be 
outlined or defined for the future guidance of their Committees. 

The subject has been carefully analyzed and considered. 
There are three signals that are essential in operation and 
thmfore fimdamental, viz: 

1. Stop. 

2. Proceed with caution. 

3. Proceed. 

The fundamental, "proceed with caution," may be used 
with the same aspect to govern any cautionary movement; 
for example, when: 

fa) Next signal is "stop." 

Ih) Next signal is "proceed at low speed." 

le) Next sig^nal is "proceed at medium speed." 

[d) A train is in the block. 

(e) There may be an obstruction ahead. 

There are two additional indications which may be used 
where movements are to be made at a restricted speed, viz: 

4. Proceed at low speed. 

5. Proceed at medium speed. 

Wha« automatic block system rules are In effect, a special 
mark of some distinctive character should be applied at the 
stop signal. 



344 GBNBRAL RAILWAY SIGNAL COMPANY 

The Committee therefore recommends: 

Signal Fxjiwamestaia 

1. Stop. 

2. Proceed with caution. 

3. Proceed. 

Supplementary Indications to be Used Wh^e Required. 

4. Froceed at low speed. 

5. Proceed at medium speed. 

Stop signals operated under automatic block system rules 
should be designated by some distinctive mark to be deter- 
mined by each road in accordance with local requirements.'' 

Recomhendationb of Committee I 

Your Committee submits for approval the following two 
schemes of sfj^naling in conformity with the recommendations 
of the Committee on Transportation. 

Scheme No. 1 
Fundamentals 



1. Stop, 




2. Proceed with caution, 




3. Proceed, 



As means of designating stop signals operated under auto- 
matic block system rules, the following are suggested: 

1. The use of a number plate; or 

2. The use of a red marker light below and to the left of 
the active light; or 

3. The use of a pointed blade, the blades of other signals 
giving the stop indication having square ends; or 

4. A combination of these distinguishing features. 
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Scheme No. 2 



Su 



Fundamentals Indicationa 



1. Stop, 



1^ 



2. Proceed with caution, 



\o 



JD 



3. Proceed, 



• • 



u 



4. Proceed at low speed, 



^ 



5. Proceed at medium speed, £) 



As means of designating stop signals operated under auto- 
matic block systems rules, the following are suggested: 

1. The use of a number plate; or 

2. The use of a red marker light below and to the left of 
the active light ; or 

3. The use of a pointed blade, the blades of other signals 
giving the stop indication having square ends ; or 

4. A combmation of these distinguishing features. 
Having in view the practice of indicating diverging routes 

by several arms on the same mast, the Committee submits 
for approval the following to establish uniformity in tMs 
practice: 
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Scheme No. 8 



1. Stop, 



or 



or 



zj or 



2. Proceed with caution, 



3. Proceed, 



\^ 



\o \o 



or 



or 



XI 



SI 



or 



II 



or 



4. Proceed with caution on low- 
speed route, 



s^ or s^ or !<;> 



5. Proceed on low-speed route, . . U or -A or f^ 



Proceed with caution on medium- 
speed route, 



^ 



7. Proceed on medium speed route, 



u 
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8. Reduce to medium speed. 






or 



As means of designating stop signals operated under auto- 
matic block system rules, the following are suggested: 

1. The use of a number plate; or 

2. The use of a red marker light below and to the left of the 
active li^ht; or 

8. The use of a pointed blade, the blades of other signals 
giving the stop indication having square ends; or 

4. A combmation of these distinguishing features. 

The above three schemes are submitted, after an earnest 
efifort to carry out the Committee's instructions to submit a 
uniform scheme of signaling, with the idea that each scheme 
is complete in itself. 



SIGNAL DEFINITIONS 

A "non-automatic" signal is one which is in no way con- 
trolled by track circuit. 

An "automatic" signal is one, the priinary control of which 
is the track circuit, or in other words, it is a signal which 
automatically gives indication in regard to the integrity of 
the track through its block. 

A "semi-automatic" signal is a manually controlled auto- 
matic signal and may, or may not, be interlocked. As to 
whether it is, or is not, interlocked, will be apparent from its 
position on the plan and its relation to other signals. It is 
to be understood that this manual control is direct, and that 
a signal is not to be considered s«ni-«LUtomatic because some 
feature of its control is d^endent upon another signal which 
is manuallv controlled. The term "slotted" refers only to a 
mechanical signal equipped with an electric slot. 

A "stick semi-automatic" signal is a semi-automatic signal 
which will not clear automatically after it has been put to 
stop by interruption of the track circuit. It cannot be cleared 
again imtil the manually operated device controlling it has 
been restored normal and reversed once more. 

A "non-stick-automatic" signal operates automatically as 
long as all contacts (lever, signal, controller, etc.), other than 
track relay contacts affecting its control, are closed. 
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^2 Skbh.' 3 Punm Ht-Auiwjtnc , D n ^ . 
|7i7 Jtui-Amowra Srai, 41 Ti 

bgl SniML'S PKnm Mh-Authhik. OTt*!. 
Un Jnit-Auiotmc Km- Stick, 

' I toMurrc Stop Smhm.. j < DoiMrr ! 

! 1 

! > PdmiUhi Stop Swiul. JUL Tiuw M 



UffJ Fiin Arm. 



N 
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fJ 



Ground Mast witn 

OMOKET AlTACNMnfT. 



Pi 

Opfsct 
Bmcrct Post. 



i I L i 

T 

Brmxct 
Post. 



t 



Mast. 




I 

J. 



Rmb mcLOso 
cnmmcthhstics 

MM UiNT SMNM 
ONLY. 



T 






Pot Snnm.. 



Dise 




(1) © ® ® 



Mmi nomc PgTAirr Distaht Doubie 

pRoccfo. Stop. proccco. Cmition. rmctiqned. 



^ 



* I 



r- 



PRESCNT S16NAL TO K REMOVCO. 



PwsENT SCNM. TO Remain. 



RiumoN OP Tw SwiiAL TO Tw II1MK ikw iw DiKnNi OP TtaAme 



"I R16HT Hand Locations. 



RWHT mno Swwu., 



LCFT Hand Snnm.. 



LEFT Hand Locations. 



U 



Rhnt Hand Snnm.. 



Left Hand Snral. 
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R. S. A. LOCATION SYMBOLS 
Platb 3 (October, 1912). 



+ 



iNSuumNG Rml Jams. 

^ -■ F- 



TiMOK CMCurrs m 
Both OiRecnoNS. 



Track Cmcurr on 
Left, None ON RiQHT. 



RiONT, None oh Lcrr. 



Impedance Bond. Traffic Direction. 



Track Rm, 



C3 



(UMUH 



Station. 



Crossmg Gate. 



SiSNAL SciML SuB-SnmoN. 

POUfCR STAnOH. 



^^4 



s= 



45 

1 



Tunnel. Brio6e or Vuouct. Ormm Briooe 

i: Sntrt wMtTNo Dm.ttoLr'Ti 



Lift Brioob. 



Mu^sr. 



i 



OVERHUO 
BRtOGC. 



X 



SiCHAL 



A. 

Hiomitfnr 

Cwssme. 



o-J 






+ 



Railway PnorasCD Rmlwiv 



^ 



5 



Mail Crane. Water Tank. WIater Column. Trick Instrmknt. Torpedo liUa we. 



4 



TUMN STOFS. 




4 



Stop. 



Non-Automatic. 
Mechanical. Power. 



Slotted. 



Guar. 



Semi- Automatic. 
Automatic. 



T 



DO 
Porter Snitch 
Machine. 




Insulated 
Snitoh Rod. 



^^-^^ 



Turn-Out 
AND Switch Stand. 



f 



Electrc 
Switch Lock. 



x^ 
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R. S. A. LOCATION SYMBOLS 
Platb 4 (October, 1912). 



[SJ-«Mifflnr [j] 



B 



E 



RaAY Bn. Junction Box. Termmm. Box. Lightning Amcster 

Box. 



( S) t m oTt 
BATnRv Onutc . 



OMonr 



1 



MUr MR ttWMITV^rQ 



i 



Reur Box mo Post . 



BATTCRV CNUTf,RCLAY 

Box fM Post Comowco. 



? 



NBTI : IVfc OF mumn 

TO IB GOVEWO or 
0ENCIIM. NOTE 



SwrroH Box Location. Switch iNotCATon. 



■? 



SmTGM IMOICATOII 
MIO SWITON Box. 



CD 



1 




Cabu Pkt With One With T«ro With Reuw With Roay With Roay 
Onut. Inoicator. Inowatohs. Box. Box M« One BoxANoTVra 

(NOiCATQR. INOICATONS. 






AOOVE SUATAOe. 



Halt Aoove Surtacc. 



HlONtAMT COOSSINO BCLL. 

y Battery Shelter. 



BtLOW SURfAOC. 



(nauKS otticxn mmoty) 



; 



? 



! OR 



Track Battery 



r 
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iNmLOGKID SvmCHIS AND DEIMILS, 




Smtch-Sct FQRl\«N-Ovr« 



StVITCH-SCT FOR STRMSHTHMCK. 



^ 



Derail- Poiht TVPE-DERMJie . 



DEiTAiL- Point TVk-Noii-Oeiimun6 . 



Derail -LIPTW9 RnuLTrPE-OERAiLwe. 



Derail- LrriNe RailType-Non-Ddmiijm. 



DeML-LmM BLOocTYPC-OERAiuNe. DERAiL-LmNS BlocrTvk 
MTI: NON-MTfiucio iMracs tm omas td m mnr 

SMK AS MINI USSft IMAOM M TmMNLIS 0M1TTCO. 



Runs 



BOLT LOOKS. 



Pipe-Wire (KHEog. 



-^ -B 



DETECTOR Bar. 



WiRcDucr. 



^-^ 



Compressed Am. 



PiPE-WUK AND Duct. 



BOU LKKtO SWTCH* ^•^^* 

Slil.-SNnQi4LflaiMDi(iMBni CWNKS 
FcPL'Rmsmo Pomt Lock. 



Pipe— wmc amo Air. 



-/W 



l-WR^. I 



S^^F^^^»'*"w'^Wl • Vn ■ 



Duct and Air. 



Arrow ' Indicates Dmiectun 
OF movement V Pipe Lnie- 
NORMAL TO Reverse. 



2-iiDr.| 



— ^ g 



^ 



PiPC-vriRE, Duct tm AiR . 
(M) 

lAUl-HOLC. 



Oh. Enclosed Pkune. 






TRACK 



S^ iRTIIIIJDGiaNBQRBUIQKSlXnON. I^STI 

"^ * ^ SMMMMUVMfnnMVSlM|M.mMnRMDTMCK. k^Sjl 



Q PEWffORRORlO'ntfqi. OPERMrORwmiBMCKTOlhABK. 

NOTI: UNicst oncmnK SKcmn on ran rr wu. IE assumed that where an 

WriNUWNlD SNNAL IS SHOWN CLEAR OR A OERML SNOMM M HON-DERAIUNO 
rOSmON THE OONTROUJND UVER B |ICVIllSiD,ANO THSr AU OTHER lEVERS ARE I 
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If 
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R. S. A. SYMBOI5 FOR RELAYS. INDICATORS AND LOCKS 

Platb 7 (October, 1912). 



Riunrs, Inomatms aw Lmks 



TO K COMMNEO tf J— J^ 
NECESSARY. 



: : 



• I 

• • 



T-T 



^ 



i:-4 



( : 

J. 

•1 

n 



1""T 



j; 



: / X ji 



I I i I 



V 






0.C.CL16TII0MMMKT. 
A.C.ClXCTIIO MMNCT. 
ColLCNCMaCP M OC^IMMIUO. 

NnmiM. Fmnt CMiDMf -CmidmOmii. 
HmTKALBAM Cohtmt-CukpmOrn. 

POLMOEO AMMTIMf - WITH CONTWre. 
3-PWlTIQII AlllMtrulll'WirN OONINGTS. 



HlflN CuflftENT CONTHCT. 



MMMinc Blow-mt Cmtait. 



ecu. Attacnmeiit. 



Doutu WMPM-Mncmr » OffnMNTiM.. 



Sun AsniM. 



Disc TVk iMtuam. 0»l>i» hviflftf . •■One viMU. 



SCMAPHOM Tm lNOI6«rM« f •S-Phition. 



il<i w ^lii* ^'iii Wiw WOUND RoTon 
Si "' -O- 



& 






LfiMJ^ 



♦••♦ T'^r 




STATIONMY IVINOMI. i^-HMH VDlTMC Wli0M. 



Euome LOCK- Show Smmknts POO Uvnt IN NooMAL 
Position* 

(Sa NCXT MM nn-OIAMfUS IP COMOMATIONft.) 
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R. S. A. SYMBOLS FOR RELAYS, INDICATORS AND LOCKS 

PI.A.TB 8 (October, 1912). 





RiLAYS , INOMATORS ANfr LOGKS. 

CxAMPUS OF Combinations. 

D.C. RELAY- Neutral- Enugizeo - * 

One iNOEfCNOENT Front Contact Cukco- 
One Indepenocnt Back Contact Open, 

OX.RCLAY- Polarized -ENER6IZE0 - 

IWo Combination FIront ano Back Neutral Contacts 
TtMD Polarized Contavts Closed - 
TWO Polarized Contacts Okn. 



0. 0. molCATOR • Semapmort Type - Ener6izeo • 
Three Front Contacts^ Closed • 
Bell Attachment . 

D.C.tNOICATOR - Semaphore Tvpe - Arm Horizontal- 

Energized -Without Contacts. 
N9TI ; Inokators (or mnatois) witkout oontmts snwia le shown 

WITH MIMArURU TO MDKATI WICTHfR IWAIIZID OR OC-CNIR- 
OlliO. 

A.C. RELAY -One Energizing Circuit Type (Sinole Phase) 

ENERGIUO-ONC FRONT CONTACT. 



A.C. RELAY- IWo ENERGIZING CIRCUIT TVPE- ENERGIZED 

Wire Wound Rotor - 

TWO Neutral Front Contacts . 



A.C. RELAY- TWo ENiROtzmo Circuit Tyk - Encrhzco — 
Wire wound Rotor - 
TWO POLARIZED Contacts. 

A.C RELAY-TWo Energizing Circuit Type -Energized 
Stationary Windings — 
One Neutral Front Contact*. 
TWO 3- Position Contacts. 

O.C.WTERL0CKED REUY. 



O.C. ELECTRIC BELL.. 



oniMm RisiSTANCC m onms of au o.criuvs. immutom aro locks. 
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Cmut bMrnmuKS OrewTEo Br Levbis . 




UK enca Uttd Smw H Gmphk SmiM . 






UHMumtMuPMmaiMMML. | 




H-MMHLpKrai. 






L-fk^MMMiMamnTMUrT, | 


C-CBrnMLPHmw. 


e-bWMfM pgimniOTM 


UTT. 




D-MMmMPMrngMTiTw 




t-fvu-taattPrnm. 


R-foLlkMMC Posirmm 


TMRMir. 


urn* (MMs 


UtTM 


MM* 




■"-•l . . . 


nMM.. 


-©- 






-> 


-©■ 




-is- 


^ 






— :• — 


-©- 




-»- 


•o- 




4 


— f- 


-®- 




-4- 


■<s> 






— ^— 


-©- 




-s>- 


-®- 






- — .^ 


■©• 




-«- 


-®- 


- 




! — ^ — 


-®- 


■ 


HB- 


^ 




-^^ 


-®- 




(Sj 


-gK 






— s— 


-®- 




^ 




-©- 






^- 


-®^ 




^- 






-©- 




i— 


_— — ^ 


■®- 




-#- 


■/»&- 






-«^ 


-©- 




-®- 


-twj- 






^S^ 






_ -1 


-» 




-©- 




^ ^*^ 


^gH 






-©- 


1 






l£j 


H®- 


*4 ! 


-r~ 


^ 


i 


-I®— 


-<8^ 


: i ■ 


^ ^=r 


-®- 




gi, 


^8- 


■j— [ 


^ 


Hg)- 




-*- 


^8- 


1 -i- 


-t- 


^ 




-*- 


H®- 


-J; i 1 1 -V- 


^9- 


~i 


-*B- 


■®- 


i 1 M— ^ 


-©- 




-91- 


»«..«-.»= ._™»»,„,™™...„_..„ 1 
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R. S. A, SYMBOLS FOR CIRCUIT CONTROLLERS 
Platb 10 (October, 1912). 



Circuit Conthollers Operated by Signals. 

UPPER QUADRANT. LOWER QUADRANT. 



Closed at Only. 



3 -Position 
Signals. 




o e 
60-70 OS 

7S Signals. 




Closed at 45 Only. 



Closed at 90 Only. 



o o 

Closed to 45 



Closed 45*to 90* 



Closed at Own, 

Closed in Clear 
Position Only. 





Closed^ 
Open. 






tt 



Circuit Controllcr Operated dy Looking 
Switch Circuit Controller. Mechanism of a Switcm Movement. 




Closed. 
Open. 



Bmoee Circuit Controller. 



Polk Cnan6in6 Circuit CorgnouER. 



-K 



SpmN6 hand key or Push Button. 



CiRCtfiT Switch. 
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R. S. A. SYMBOLS FOR CIRCUIT CONTROLLERS, RELEASES. ETC. 

Platb 11 (October, 1912). 





Manual Time Release 

(electric) 



it 



Manual Time Relcasc • 

( ELECTRO -MCCNAH'L.) 




Automatic Time Rcuasc. 

(EUCTRie) 



EMERfiCNCv Release . 

(CLEtTRtC) 



f( 



n 



Floor Push. 



OPEN. CLOSED. 

LATCH Contact. nukCK instrument Contact. 



Kmfi Smiimiis 






I 

<> 




tl 



Rheostat. i^Smslc Pole. Double Pole. SinouPole. Ooubu Pole* 

SIN6LE T)1R0W. DOUBU ThROW. 



9».n 



OuiGK ACTING T Circuit Controllers wit be Distinguished by the Letter 9 



— >AAAA— 

Fixed RcstsiMet. 

kfPCOANCE WfTVOUr 

Iron Core. 




5 



VluhABLE Resistance. 



Fuse. 



iMPEOANCe WITH 

Iron Core 



CONOINSEII. 
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R. S. A. SYMBOLS FOR BATTERIES. GENERATORS, MOTORS, ETC. 

Platb 12 (October, 1912). 



BATTunr. I , 

^ - dL UJ 



^•I#l>|ll 



JLCTerminals. 



DLCIbMMMJl. 



Cells w Moutiplc. Cells m Sewcs. d.^„,„ 

Snow IVfc MO NuMHR OP Cells. kectirer. 



D«DiiY Battery. 
G-GMyiTY M 
P« Potash »» 

S" STORAfiE •• 

EXAMPLES: MPf lOStETO. 



UfiflflftflfiJ UfifififlflJ 

l-XOMMUkV. t>0* MOM aCCMOMMS. 

'nUkNSFORMERS. 



(6) 



d) 




O.CMOTOR. 



aCGENERATOR. 



AJC MOTOR. 




(mm|) #-(«) 



A.C.6ENERAT0R. OlC-OLC.M0TOR-6eNERATOR. A£.-D.C.M0TM-6BNCRATM. 




Ammeter . 




Voltmeter. 



-@>- 




Wattmeter. Telephone 



I 



Swttjc. 



Incanoesccnt Lamp. Lmhtwro Arrester. 



Termmals. 




Wires Cross . 



Wires Jom. 



± 



6R0UIID. 



Common " Wire . 



Track Circuit Wire. 



Other than " Common" Wire. 



Direction of Current. 



SECTION XVII 



GENERAL DATA 



COVERING THE WEIGHTS OF G. R. S. 
INTERLOCKING APPARATUS, MAINTE- 
NANCE TOOLS REQUIRED, BELTING, 
PULLEYS, SWITCH-LEADS AND CROSS- 
OVERS, TABLES OF NAILS, SCREWS, 
NUTS, ETC., TABLES OF SPECIFIC 
GRAVITIES, WEIGHTS AND MEASURES, 
FAHRENHEIT AND CENTIGRADE TEM- 
PERATURES, FRACTIONS AND DECIMAL 
EQUIVALENTS, POWERS AND ROOTS, 
AREAS AND CIRCUMFERENCES OF 
CIRCLES, ETC., ETC. 



r 



GENERAL DATA 



Shif^ng 

Charging Apparatus PnASta' 



SHIPPING WEIGHTS OF G. R. S. APPARATUS 

Shipping 
Poundi 

D. C. Generator, capacity 1.25 K. W. (Page 169), . . 290 

D. C. Generator, capacity 2.50 K. W., 340 

D. C. Generator, capacity 3.25 K. W., 500 

D. C.-D. C. Motor Generator Set, capacity 1.25 K. W. 

(Page 168), 600 

D. C.-5). C. Motor Generator Set, capacity 2.40 K. W., 800 

D. C.-D. C. Motor Generator Set, capacity 3.25 K. W., 1050 

The above weights cover the necessary starting devices 
and field rheostats. 

Transformers 

Type K, air cooled (Fig. 249), 20 

Type LI, complete with oU, hanger, and cut-outs 

(Fig. 247), 180 

Type L2, complete with oil, hanger, and cut-outs, 175 

Type L3, complete with oil, hanger, and cut-outs, 210 

Power Switchboards 

Board, 24* x 36*, controlling 1 H. V. battery and 1 
generator (Fie. 117), 210 

Board, 24* x 48 , controlling 1 H. V. battery, duplicate 
sets of L. V. battery and 1 generator (Fig. 119), . . 410 

Board, 48* x 48*, controlling 1 H. V. battery, duplicate 
sets of L. V. battery, 4 sets track battery, and 1 gen- 
erator (Fig. 121), 600 

Operating Switchboards 

1 Section Board, 12* x 36*, no voltmeter (Fig. 128), . 280 

2 Section Board, 24* x 36*, no voltmeter 530 

3 Section Board, 36* x 36*, no voltmeter 800 

1 Section Board, 12* X 48*, with voltmeter, 350 

Panel, 12* x 12*, with voltmeter 70 

Lighting Paneus for Power and Operating Boards 

Panel, 12* x 12*, with 5 S. P. S. T. switches (Fig. 130), . 90 

Panel, 12* x 18*, with 10 S. P. S. T. switches (Fig. 132), . 110 
Panel, 12* x 24*, with 6 D. P. S. T. or 12 S. P. S. T. 

switches, 150 

Panel, 12* x 36*, with 9 D. P. S. T. or 18 S. P. S. T. 

switches, 190 

Interlocking Machine 

Model 2 — 1 tier locking. 

Per lever, 90 

Per spare space 70 
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Shipping 
WmgbtB, 

Model 2 — 2 tier locking. Pounda 

Per lever, 100 

Per spare space, 80 

Model 2 — 8 tier locking (Fig. 137). 

Per lever, 110 

Per spare space, 90 

Model 2 — 4 tier locking. 

Per lever, 120 

Per spare space 100 

Unit Type — 1 tier locking. 

Per lever, 110 

Per spare space, 80 

Unit Type — 2 tier locking. 

Per lever, 120 

Per spare space, 90 

Unit Type — 3 tier locking (Fig. 136). 

Per lever, 130 

Per spare space, 100 

Unit Type — 4 tier locking. 

Per lever, 150 

Per spare space, 120 

The above weights for machines complete with levers, 
individual polarL^ relays, riveted locking, and cabinet. 

Complete Set of Locking — Average weights per work- 
ing lever. 

1 Tier of Locking, 10 

2 Tiers of Locking 15 

3 Tiers of Locking, 20 

4 Tiers of Locking 25 

Separate Lever complete with polarized relay 40 

Lever Lock (Fig. 141) applied to machine, 10 

Switch Layouts (Orank Connected) 

Single Switch, Model 2 switch machine (Fig. 163), . . 1000 

Single Switch, Model 4 switch machine (Fig. 162), . . 1500 

Split Point Derail, Model 2 switch machine (Fig. 165), . 1000 




Wharton or Morden Derail, Model 2 switch machine 

(Fig. 169), 1100 

Wharton or Morden Derail, Model 4 switch machine 

(Fig. 168), 1600 

Single Slip Switch (one end), Model 2 switch machine 

(Fig. Itl), 1000 

Sinele Slip Switch (one end). Model 4 switch machine 

(Fie. 170), 1500 

Double Slip Switch (one end), Model 2 switch machine 

(Fig. 173), 1200 
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Sblpplng 
PoundB 

Double Slip Switch (one end), Model 4 switch machine 
(Pie. 172), 1800 

Movable Point 'Frog, Model 2 switch machine (Figs. 
175, 177) 1600 

Movable Point Frog, Model 4 switch machine (Figs. 
174, 176), 2000 

The above weights are for switch machines complete 
with tie plates, throw rod, lock rod, No. 1 switch rod, rail 
braces, and all necessary bolts, nuts, and cotters. Switch 
connections insulated. Weights for Model 4 switch 
machine layouts include switch circuit controller and 
connections. Weights do not include detector ban. 

Model 2 Switch Machine (Fig. 159), 500 

Model 4 Switch Machine for single switch or derail 

(Fig. 161), 850 

Model 4 Switch Machine for movable point frog or 

double slip switch (Fig. 160), 950 

Dbtector Bar Layouts ((}rank Connected) 

1 Bar, same side for Model 2 or Model 4 switch machine, 360 

1 Bar, opposite side for Model 2 or Model 4 switch 
machine, 460 

2 Bars, for Model 2 or Model 4 switch machine, . . . 770 
1 Bar, for two Model 2 or Model 4 switch machines, . 780 

The above weights for detector bar lavouts are com- 

glete with all connections and necessary bolts, nuts, etc. 
onnections insulated. 

Signals — RSA Dimensions 

Pipe Bracket Post complete, narrow deck, 3400 

Pipe Bracket Post complete, wide deck, 3800 

1 Arm Ground Signal complete, 22^ 6^ base to center 
of arm, 1270 

1 Arm Ground SigosA complete, 29^ 6" base to center 

of arm, 1430 

2 Arm Ground Signal complete, 22^ 6^^ base to center 

of lower arm, 1850 

2 Arm Ground Signal complete, 28' 6'' base to center 

of lower arm, 2000 

3 Arm Ground Signal complete, 22^ 6^ base to center 

of lower arm, 2420 

1 Arm Bracket or Bridge Sig^nal complete, 3' 6^ base 
to center of arm, 710 

1 Arm Bracket or Bridge Signal complete, 10^ 6^^ base 

to center of arm, 900 

2 Arm Bracket or Bridge Signal complete, 3' 6^ base 

to center of lower arm, 1310 
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Pounds 

2 Arm Bracket or Bridge Signal complete, 9' S" base 

to center of lower arm, 1450 

3 Arm Bracket or Bridge Signal complete, 3' 6" base 

to center of lower arm, 1860 

The above signals complete with mechanism, ladders, 
spectacles, blades, lamp brackets, foundation bolts, etc. 

Cantilever Bracket complete, 200 

Dummy Mast, 300 

Fixed Arm complete, 180 

Model 2A, 110 Volt Signal Mechanism complete, with 

clamp bearing (Fig. 199), 860 

Dwarf Signals 

Model 2A Dwarf Signal complete (Figs. 204, 205), . . 880 

Model 2, 1 Arm Dwarf Signal complete (Fig. 207), . . 150 

Model 2, 2 Arm Dwarf Signal complete (Fig. 206), . . 300 

Model 3, 1 Arm Dwarf Signal complete (Fig. 208), . . 140 

The above signals complete with spectacle, blade, 
lamp bracket, foundation bolts, etc. 

Switch Circupt Controllers 

Model 5, Form A Switch Circuit Controller (Fl^. 186), 60 

Model 3, Switch Circuit Controller, 4 circuits (Fig. 185), 40 

Model 3, Switch Circuit Controller, 8 circuits, 60 

Add for Short Operating Rod, 15 

Add for Long Operating Rod, 25 

Relays and Indicators 

Model 9, D. C. Relay, 4-way (Figs. 228, 229), .... 30 

Model 9, D. C. Relay, 8-way, 35 

Model 1, D. C. Relay, not inclosed, 80 

Model 1, D. C. Relay, inclosed, 85 

Model 9, Tower Indicator, 4-way (Fig. 230), 80 

Model 9, Tower Indicator, 8-wa3r» 40 

Model 9, Indicator Group, with 4-way indicators 

(Fie. 83), per indicator, 35 

Modd9, Indicator, Group with 8-way indicators, 

per indicator, 45 

Model 2, Form A Polyphase Relay, 4-way (Fig. 235), 65 

Model 2, Form A Polyphase Relay, 6-way, 70 

Model 2, Model 3, or Model Z, Form B Relay, 4-way 

(Fie. 232), 40 

Modd 2, Model 3, or Model Z, Form B Relay, 6-way, 45 
Model 2, Model 3, or Model Z, Form B Indicating 

Relay, 4-way (Fig. 234), 50 

Model 2, Model 3, or Model Z, Form B Indicating > 

Relay, 6-way, 55 
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Sbipplng 
FoundB 

Model 2, Model 3, or Model Z, Form B Tower Indi- 
cator (F«. 233), 35 

Relay Boxes 

1-way Iron Box for D. C. relays, 120 

2-way Iron Box for D. C. relays (Fig. 242), 160 

3-way Iron Box for D. C. relays, 250 

4-way Iron Box for D. C. relays, 225 

1-way Wood Box for D. C. relays, 25 

2-way Wood Box for D. C. relays (Fig. 243), .... 35 

3-way Wood Box for D. C. relays, 50 

1-way Wood Box for Model 2 Form A relays, 40 

2-way Wood Box for Model 2 Form A relays (Fig. 241), 55 

3-way Wood Box for Model 2 Form A relays, 75 

The above boxes complete with terminal board and 
U bolts or bracket for mounting on stub pole. 

Add for mounting on signal mast, 20 

Posts for moimting relay box on foundation, .... 40 

Post for mounting relay box on battery chute, .... 70 



Battery Chutes (Page 292) 

6-ft. Single Battery Chute, complete with elevator, . 
7-ft. Single Battery Chute, complete with elevator, . 
8-ft. Single Battery Chute, complete with elevator, . 
9-ft. Single Battery Chute, complete with elevator, . 
7-ft. Double Battery Chute, complete with elevator, 
9-ft. Double Battery Chute, complete with elevator. 



260 
290 
350 
390 
520 
650 



IiiPEDANCE Bonds 

Size 1, Form C Bond (Fig. 91), per single bond, ... 610 
Size 2, Form B Bond (Fig. 92), per single bond, . . . 420 
Size 3, Form A Bond (Fig. 92), per single bond, . . . 250 

Trunking, Stakes, and Junction Boxes (Figs, 270, 271) 

3^^ X ^" Trunking with Capping, pine, per 1,000 lineal 

feet 5800 

3^^ X 4^ Trunking with Capping, cedar, per 1,000 lineal 

feet, 3000 

Built-Up Trunking, pine, per 1,000 feet, B. M 3350 

Built-Up Trunking, cedar, per 1,000 feet, B. M., ... 1900 

Oak Stakes, 3" x 4" x 3' O'' (square end), 10 

OakStakes, 3''x4"x4'0'' (squareend),^ 15 

CedarStakes, 4^^ diameter X 3^0" (pointed), 10 

Cedar Stakes, 4" diameter X 3' 6'' (pointed), 10 

Junction Box, inside dimensions, 15W x 15W x 11", . 40 
Junction Box, inside dimensions. 16" x 16" x 20", . . 60 
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COMPLETE LIST OF MAINTENANCE TOOLS 
REQUIRED AT ELECTRIC INTER- 
LOCKING PLANTS 

Blacksmith Tools 
Anvil. 
Forge. 

Set of tools, including 10 pound hammer, cold cutter and 
^4.^ punch. 

Carpenters Tooi^ 
18* square. 
Jack plane. 
Brace with set of bits, 
i^e" single lip car bit 14" long. 
%' wood chisel. 
iff' No. 9 hand saw. 
Hand axe. 
Adze. 
Claw hammer. 

Electrical Tooi^ 

Soldering furnace-pot and two ladles. 

Small soldering copper. 

Screw drivers, 6" and 10*. 

Aligator pliers, 8*. 

Side-cutting pliers, T, 

Contact adjuster. 

Binding-post wrench. 

Socket wrenches for %* hexagon nut. 

Wrench for signal circuit breaker. 

Crank for switch motor. 

Hydromotor. 

Portable volt-ammeter. 

Solid wrench for W hexagon nuts. 

Line Circuit Tools 

Belt with safety. 
Pair 16* climbCTs. 
"Come along'' with blocks. 
2 Connectors. 

Pipe Tools 

(For pipe connected detector bars.) 

1 Stilflon wrench. 

2 Pipe rivet punches. 
1 Pipe cutter. 

1 Stock with I'' right-hand dies. 

Switch Fitting Tools 

1 Machinist hammer. 
1 Center punch. 
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2 Cold chisels. 

1 12" tommy bar — bent on both ends. 

1 20" tommy bar — bent on chisel end only. 

1 Packer ratchet with i^e" and I'He" drill. 

1 "Old man** for drilling rail. 

2 Switch-adjusting wrenches. 

3 Two-man T ** socket wrenches for %" square and hexagon 

nut, and %" lag screws. 
2 "T '* socket wrenches for %" and W lag screws. 

4 Solid "S" wrenches for W and %" bwts with square or 

hexagon nut. 
1 Solid wrench for detector bar clips. 

1 14" Monkey wrench. 

2 Reamers, %" and %". 
1 14" Stilson wrench. 

1 6" Westcott wrench. 

4 Files: one-14" flat bastard, one-10" flat smooth, one-12" 

half-round bastard, one-12" round. 
4 Files: two-6" rat tail, two saw files. 

Track Tools 
1 Spike maul. 
1 Spike puller. 
1 Claw bar. 
1 Track wrench. 
1 Track shovel. 
1 Bam broom. 
1 Railroad pick. 

Track-Circuit Tools 

1 Bonding drill with twelve %2" twist drills. 

2 Channel pins punches. 

1 Channel pin set (slotted). 

Miscellaneous 

1 Workbench with combination vise. 

1 Drill press with drills. 

1 Set taps and dies with stock %" to 1". 

1 Breast drill with set of drills W to %" by 32nds. 

1 Bench emery wheel. 

1 Hack saw, 12 blades. 

1 Large spout oil^ (1 quart). 

1 9" spout oiler (1 pint). 

1 6" spout oiler (% pint). 

2 Water pails. 

1 Canvas tool bag. 
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MODEL 1 FORM A UGHTNING ARRESTER 
F^. 276 niustntes the G. R. S. Co.'b Model 1 Form A light- 
ning arrester, designed for uae on signal, telegraph, telephone, 
CTOsdng alarm circuits, etc. 

The arrests' has a h^h efficiency, 1. e.. a high reactance 
and negligible ohmic resistance. This nigh reactance is 
maintained und«r all conditions o( frequency and current 
owing to the fact that no iron is used In the core of the react- 
ance coil. 
The arreettf is small (*Mi' x iW x 4''/ia*) and may be assem- 
bled in banks on one inch 
centers. Connectors between 
the ground plates are provided, 
whicn form a buss bar of ample 
carrying capacity, thereby mak- 
ing requisite but one sround 
connection for any nuinbv of 
arresters. Multiple point dis- 
charge plates are provided 
instead of the single point type 
or one having a cireular sur- 
face. The parts used lo the 
g arrester construction are few, 
' none of them being delicate 
or easily broken. The con- 
nections are all in front, thus 
allowing it to be easily installed 
and inapected. 

The Model 1 Form A uses 
the same component parts as 
the Model 1 arrester, thou- 
sands of which are at the 
' present time In service, many 
gof them showing evidence of 
. having taken care of heavy 
..J. 276. UoDBL I Foui A diachw^es without injury re- 
LiQETNiHa AsaiBTBu suiting to the arreater or the 

protected apparatus. 
The arresters should be grounded tuoi^h two No. 8 
B. & S. gauge copper wires, insulated above the ground. 
The wires should be wrapped around and soldered to a gal- 
vanised ground rod, not less than one inch in diameter, driven 
e^ht feet into the ground. 




^ 1 I ■ I k -TT pres 
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I0VXT9 Lmnrm* RmsTAnec la onhs 

Hil*Wi|i — 1 / 




ApmoxiHATCLY tonrr- 
Fia. 277. Circuit roB Tbstxng Rbsistancb or Grounds 

NoTB. — Several readings should be made and the average taken. The 
resistance should then be computed by dividing the voltage reading by the 
current. 

The limiting resistance used in making the test may merely be a unit of 
such resistance as to protect the instruments, it being recommended, how- 
ever, that- a variable resistance be used if available. If a voltage oigher 
than that indicated is used, the range of the voltmeter and the resistance 
unit employed will have to be increased accordingly. 

PULLEYS AND GEARS 

When it is desired to secure single reduction or increase of 
speed by means of belting, the speed at which each shaft 
snould run and the diameter of one pulley being known, 
multiply the diameter of the known piuley oy the speed in 
revolutions per minute of its shaft ana divide this product by 
the speed in revolutions per minute of the second shaft; the 
result is the desired diameter of the second pulley. 

When the diameter of both pulleys and the speed of one 
shaft is known, multiply the speed of that shaft by the diame- 
ter of its pulley and divide this product by the diameter of 
the pulley on the other shaft; the result is the speed at which 
the second shaft will be nm. 
Let D = diameter of driving pulley, 
d =« diameter of driven pulley. 

S = number of revolutions per minute of driving shaft, 
s = number of revolutions per minute of driven shaft. 

Then the above may be expressed by the following formula: 

, DxS 
d" 

s 

Where a counter-shaft is used, to obtain either size or speed 
of the main driving or driven pulley, calculate as above, 
between the known end of the transmission and the counter- 
shaft and then repeat this calculation between the counter- 
shaft and the unknown end. 

Gears in mesh transmit speeds in proportion to the number 
of teeth they contain. Count the number of teeth in the sear- 
ing and substitute this quantity for the diameter of thepmleys 
mentioned above, in order to ootain the number of teeth to be 
cut in unknown gear or speed of the second shaft. 
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WIDTHS OF BELTING PER HORSE POWER 

A rule commonly used for determining the width of belting 
is that "single" belt will transmit 1 H. P. for each inch in 
width at a speed of 1,000 feet per minute. If the speed is 
p^reater or less the power transmitted is correspondingly 
mcreased or decreased. 
The rule may be stated as follows: 
XT p w X d X rpm wv 
*" 3820 "lOOO 
In which w» width of belt in inches. 

d» diameter of pulley in inches. 
V— velocity of belt in feet per minute, 
rpm ^revolutions per minute. 

This is based on a working tension of 30 pounds per inch of 
width of belt. Many writers give as a safe practice for single 
belts in good condition a working tension of 45 poimds per 
inch of width, which formula gives a permissible increase in 
transmitted horse power of 60 per cent, over the formula 
rr p w X d X rpm 
* 3820 

For "double" belts of average thickness, the transmitting 
eflSciency is considered as 10 to 7 compared to the single belt- 
ingdiscussed above. 

These formulas are based on the supposition that the arc of 
contact between belt and pulley is 180 degrees. For other arcs 
the transmitting power is approximately proportional to the 
ratio of the degrees of arc of contact to 180 degrees. 



TABLE FOR DETERMINING WIDTH OF BELTING 



Speed In 

Feet per 

Minute 


Width or Bnx/r m Inchss 1 


2 


3 


4 


6 


6 


H. P. 


H. P. 


H. P. 


H. P. 


H. P. 


500 
1000 
1600 
2000 
2500 
3000 
3500 
4000 
4600 
5000 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


1.6 

3 

4.6 

6 

7.6 

9 

10.5 
12 

13.5 
16 


2 

4 

6 

8 

10 

12 

14 

16 

18 

20 


2.6 

6 

7.6 
10 
12.5 
15 

17.6 
20 
22.6 
26 


3 
6 
9 
12 
16 
18 
21 
24 
27 
30 



NoTs. — Baaed on the fonnula H. P.= q^q ^ Tom 

In running, the upper side of the belt should sag downward, 
as the belt will then oe in contact with more than half the cir^ 
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cumference of the puUey, and the power increased in the pro- 
portion referred to in the preceding paragraph. Best results 
are secured by running belt just tight enough to prevent 
slipping at normal load. 



PAINTING 



extracts from r. 8. a. specifications for electric 

interlocking (1910) 
800. Paint 

Field work, 

(6) Surfaces covered with rust, grease, dirt, or other 
foreign substances, shall be thoroughly cleaned before 
paint or oil is applied. 

(c) Paint shall not be applied to outside surfaces in 
freezing weather, nor to wet surfaces, nor until previous 
coating has thoroughly dried. 

(d) Finishing coats shall not be applied until after the 
expiration of forty-eight (48) hours after the previous 
coating has been applied. 

(e) Paints mixed on the ground shall be applied within 
three (3) hours after the pigment and oil are mixed. 

(/) Priming coats shall be applied as soon as is con- 
sistent with l£e progress of the work. 

(g) Second coat shall be applied in sufficient time for 
the third coat to be applied ana dry when the installation 
is completed. 

810. Iron Work 

(a) Iron work (except machine, tie plates, and iron 
foundation piers) not galvanized shall be painted one (1) 
coat of red lead and raw linseed oil and two (2) finishing 
coats. 



AMOUNT OF PAINT REQUIRED PER 1000 FEET OF 
TRUNKING AND CAPPING 



Siae of Trunking 
Inches 


Blxe of Capping 
Inches 


Oallona (two coats) 


2x 3 
3x 4 
4x 7 
4x10 


1x3 

mx 4 

l%x 7 
2 xlO 


4 

6% 
9 
11 



Note. — The covering capacity of paint depends largely on the condition 
of the surface being finishea, the handling of the goods by the painter, and 
the temperature of the surface painted. The above figures are based on 
average working conditions. 



ELaCTHIG INTBRLOGKING HANDBOOK 



375 




Fxo. 278 




RAIL SECTIONS 



A. R. A. RAILS —TYPE "A' 



WeiKht 
















IMT 


A 


B 





D 


B 


P 


G 


Yard 
















Lbi. 


In. 


m. 


m. 


In. 


In. 


In. 


In. 


60 


4H 


2«%4 


iHe 


U%4 


2V4 


i%* 


4 


70 


4% 


2% 


•%a 


UH* 


2% 


^ 


4V4 


80 


6% 


2»%» 


•%9 


IMe 


2% 


•%4 


4% 


00 


5% 


3%s 


1 


li%a 


2^ie 


%« 


6H 


100 


6 


3% 


m« 


me 


2% 


%• 


6% 



A. R. A. RAILS— TYPE "B" 



Welgbt 
















per 


A 


B 


C 


D 


E 


F 


G 


Yard 
















LbB. 


In. 


In. 


In. 


In. 


In. 

2H 


In. 


In. 


60 


49i« 


2He 


% 


1V4 


«H4 


3iHfl 


70 


4«%4 


21%4 


»%4 


1«%4 


2% 


»%4 


4%4 


80 


4i%e 


2i%a 


1 


U%2 


2%« 


»%4 


4%e 


90 


51V64 


2% 


1%S 


1«%4 


2%e 


•/4e 


4*%4 


100 


5*%4 


2WJ^ 


1%4 


1*%4 


2«H2 


%• 


5%4 
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A. S. C. E. RAILS 



h"CH 




W«iglit 
















per 


A 


B 


C 


D 


E 


F 


G 


Yard 
















LbB. 


m. 


In. 

21%4 


In. 


In. 


In. 


In. 


In. 

4M6 


56 


4%. 


«%2 


1»%4 


2% 


1%2 


60 


4% 


21%4 


*%4 


l%a 


2% 


«%4 


4H 


65 


4%« 


2% 


«%a 


l%a 


21%2 


H 


4%e 


70 


4% 


2i%a 


1^6 


l»%a 


2%e 


»%4 


4% 


75 


4iH« 


2«%4 


»%a 


ia%4 


21%. 


i%a 


4i%« 


80 


5 


29^ 


% 


IH 


2% 


»%4 


5 


85 


6%« 


2% 


8%4 


1«%4 


2%e 


%6 


6%e 


90 


5% 


2«»%4 


8%4 


l»%a 


2% 


%e 


5% 


95 


6%« 


2«%4 


1%6 


1*V64 


2iHe 


%e 


6%e 


100 


6% 


3%4 


•Ha 


1*%4 


2% 


%6 


6% 


110 


6Vi» 


31%. 


1 


l»%a 


2% 


•%4 


6H 
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Lead-Dlat. 


Frog 
Num- 
ber 


Frog 
An^e 
FPE 


Length 

Point 

of Frog 

to Toe 

PD 


Length 

Point 

of Frog 

to Heel 

P£ 


Length 

of 
Switch 

Rail 

AC 


Switch 

Angle 

BAC = 

TOO 


Radius 

of 

Center 

IJne 

OC-iga 


Degree 

of 
Lead 
Curve 


Aetual 
Point of 
Switch 
Ran to 
Actual 
Point of 


Hi 


& d 


& A 


sSd 


Hi 


e 


n i 


t 


6 


9-31-38 


4- 


7- 


11-0 


2-36-19 


265.39 


21-43-04 


47.98 


7 


8-10-16 


4- 5 


8- 1 


16-6 


1-44-11 


362.08 


15-52-29 


62.10 


8 


7-09-10 


4- 9 


8- 9 


16-6 


1-44-11 


487.48 


11-46-27 


67.98 


9 


6-21-35 


6- 

1 


10- 


16-6 


1-44-11 


605.18 


9-28-42 


72.28 


9^ 


6-01-32 


6- 


10- 


16-6 


1-44-11 


695.45 


8-14-45 


75.71 


10 


5-43-29 


6-0 


lO- 6 


16-6 


1-44-11 


790.25 


7-15-18 


77.93 


11 


5-12-18 


6- 


11- 6 


22-0 


1-18- 8 


922.65 


6-12-47 


94.31 


12 


4-46-19 


6-6 


12- 1 


22-0 


1-18- 8 


1098.73 


5-12.69 


100.80 


15 


3-49-06 


7- 8 


14-10 


33-0 


0-52- 5 


1744.38 


3-17-01 


133.28 


16 


3-34-47 


8-0 


16- 


33-0 


0-62- 5 


1993.24 


2-52-69 


137.57 


18 


3-10-56 


8-10 


17- 8 


33-0 


0-52- 5 


2546.31 


2-14-31 


146.51 


20 


2-51-51 


9- 8 


19- 4 


33-0 


0-52- 5 


3257.26 


1-45-32 


157.42 


24 


2-23-13 


11- 4 


23- 2 


3a-o 


0-52- 5 


4886.16 


1-10-21 


177.22 



Ahcv from UAiU by Amtriean RaUway Enginetring AaaociaUon. 
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Total len^^^ 




Fig. 282 



Frog 
Number 


Lbad 


DlBTANCB (A) BBTWXBN FBOG POINTS rOB TRACK 

Gbntbbs Bblow 


11' 


12* 


13' 


14' 


16' 


16' 


Feet 


•Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


6 


47.08 


9.6 


16.5 


21.6 


27.5 


33.5 


39.5 


7 


02.10 


11.1 


18.1 


25.1 


32.1 


39.1 


46.1 


8 


67.98 


12.7 


20.7 


28.7 


36.7 


44,7 


62.7 





72.28 


14.2 


23.2 


82.2 


41.2 


60.2 


59.2 


0^ 


76.71 


15.0 


24.5 


34.0 


43.5 


63.0 


62.5 


10 


77.03 


15.8 


26.8 


36.8 


45.8 


66.8 


65.8 


11 


04.31 


17.4 


28.4 


39.4 


50.4 


61.4 


72.4 


12 


100.80 


19.0 


31.0 


43.0 


55.0 


67.0 


79.0 


15 


133.28 


23.8 


38.8 


63.8 


68.8 


83.8 


98.8 


16 


137.67 


25.8 


41.3 


67.3 


73.3 


89.3 


105.3 


18 


146.61 


28.4 


46.4 


64.4 


82.4 


100.4 


118.4 


20 


167.42 


31.6 


61.6 


71.6 


91.6 


111.6 


131.6 


24 


177.22 


38.0 


62.0 


86.0 


110.0 


134.0 


158.0 


Frog 
Number 


TOTAL Length or Cbossovkk fob Track Cbmtkrs Bslow 


11' 


12* 


13' 


14' 


16' 


16' 


Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


6 


106.6 


111.6 


117.6 


123.6 


129.5 


136.5 


7 


136.3 


142.3 


149.3 


156.3 


163.3 


170.3 


8 


148.7 


166.7 


164.7 


172.7 


180.7 


188.7 





158.8 


167.8 


176.8 


186.8 


194.8 


203.8 


0^ 


166.4 


175.9 


186.4 


194.9 


204.4 


213.9 


10 


171.7 


181.7 


191.7 


201.7 


211.7 


221.7 


11 


206.0 


217.0 


228.0 


239.0 


250.0 


261.0 


12 


220.6 


232.6 


244.6 


266.6 


268.6 


280.6 


15 


200.4 


306.4 


320.4 


335.4 


350.4 


366.4 


16 


300.4 


316.4 


332.4 


348.4 


364.4 


380.4 


18 


321.4 


339.4 


357.4 


375.4 


393.4 


411.4 


20 


346.4 


366.4 


386.4 


406.4 


426.4 


446.4 


24 


392.4 


416.4 


440.4 


464.4 


488.4 


512.4 



NoTB. — Distance (A) between frog points based on formula 
Distanoe= (traok oentert — 2 x gauge) x frog number. 
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BOND WIRES AND CHANNEL PINS 

BBrTPaCK Diagrtra below gives the Bftuol number of bond hrThStk 

"Z ' wirM and cbsnoel pin« required for bonding » '-z — • 

• « linrla (mcl[ mod (3 raib) for dutancei up to S 2 

i A "9 5 S.OOO feet. To this ghiiuld be added 25 bond Cm £« 
Sc i£ wiresandSOclunnelpiniiroreiwhBwitoh, andto £= -sj 
SS OE the total 5 par cent, added to cover 1o«. -g' f* 



1350 


675 


IZOO 


aoo 


1050 


S!5 


900 


*S0 


750 


375 


600 


300 


450 


EZ5 


300 


ISO 


t50 


75 
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TWIST DRILL AND STEEL 


WIRE GAUGE 




No. 


6iS6 


No. 


Size 


No. 


Slie 


No. 


Sise 


No. 


Slse 


Inch 


Inch 


Inch 


Inch 


Inch 


1 


.2280 


13 


.1850 


25 


.1495 


37 


.1040 


49 


.0730 


2 


.2210 


14 


.1820 


26 


.1470 


38 


.1015 


50 


.0700 


3 


.2130 


15 


.1800 


27 


.1440 


39 


.0995 


51 


.0670 


4 


.2090 


16 


.1770 


28 


.1405 


40 


.0980 


52 


.0635 


5 


.2055 


17 


.1730 


29 


.1360 


41 


.0960 


53 


.0595 


6 


.2040 


18 


.1695 


30 


.1285 


42 


.0935 


54 


.0550 


7 


.2010 


19 


.1660 


31 


.1200 


43 


.0890 


55 


.0520 


8 


.1990 


20 


.1610 


32 


.1160 


44 


.0860 


56 


.0465 


9 


.1960 


21 


.1590 


33 


.1130 


45 


.0820 


57 


.0430 


10 


.1935 


22 


.1570 


34 


.1110 


46 


.0810 


58 


.0420 


11 


.1910 


23 


.1540 


35 


.1100 


47 


.0785 


59 


.0410 


12 


.1800 


24 


.1520 


36 


.1065 


48 


.0760 


60 


.0400 



BeprirUed iy permission from Kent's "MeeHanical Engineers' Pocket Book," 







STUBS* STEEL 


WIRE 


GAUGE 






No. 


Size 


No. 


Sise 


No. 


Size 


No. 


Size 


No. 


Size 


Inch 


Inch 


Inch 


Inch 


Inch 


Z 


.413 


D 


.246 


19 


.164 


41 


.095 


63 


.036 


Y 


.404 





.242 


20 


.161 


42 


.092 


64 


.035 


X 


.397 


B 


.238 


21 


.157 


43 


.088 


65 


.033 


w 


.386 


A 


.234 


22 


.155 


44 


.085 


66 


.032 


V 


.377 


1 


.227 


23 


.153 


45 


.081 


67 


.031 


u 


.368 


2 


.219 


24 


.151 


46 


.079 


68 


.030 


T 


.358 


3 


.212 


25 


.148 


47 


.077 


69 


.029 


s 


.348 


4 


.207 


26 


.146 


48 


.075 


70 


.027 


R 


.339 


5 


.204 


27 


.143 


49 


.072 


71 


.026 


Q 


.332 


6 


.201 


28 


.139 


50 


.069 


72 


.024 


P 


.323 


7 


.199 


29 


.134 


51 


.066 


73 


.023 


O 


.316 


8 


.197 


30 


.127 


52 


.063 


74 


.022 


N 


.302 


9 


.194 


31 


.120 


53 


.058 


75 


.020 


M 


.295 


10 


.191 


32 


.115 


54 


.055 


76 


.018 


L 


.290 


11 


.188 


33 


.112 


55 


.050 


77 


.016 


K 


.281 


12 


.185 


34 


.110 


56 


.045 


78 


.015 


J 


.277 


13 


.182 


35 


.108 


57 


.042 


79 


.014 


I 


.272 


14 


.180 


36 


.106 


58 


.041 


80 


.013 


H 


.266 


15 


.178 


37 


.103 


59 


.040 


• • • 


• • • • 


G 


.261 


16 


.175 


38 


.101 


60 


.039 


• ■ ■ 


• • • ■ 


F 


.257 


17 


.172 


39 


.099 


61 


.038 


• • • 


• • • ■ 


E 


.260 


18 


.168 


40 


.097 


62 


.037 


• • • 


• • • • 



The Stubs' Steel Wire Gauge is used in measuring drawn steel wire or 
drill rods of Stubs' make, and is also used by many makers of American 
drill rods. 

Beprintei by vormissionfrom Kent's "Meekameal Engineers' Pocket Book." 
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STANDARD SCREW THREADS. NUTS, BOLT AND LAO HEADS 

U. S. STANDARD 



Dlam. of 
Screw 

Inch 


Tbreads 
per Incb 


Dlam. of 
Core 

Incb 


Width of 
flat 

Inch 


Outside 

Dlam. 

Hex. Head 

Inch 


Inside 

Dlam. 

Hex. or 

Sq.Head 

Inch 


Diago- 
nal 8q. 
Head 
Inch 


Height 
of Head 

Inch 


V4 


20 


.185 


0062 


%e 


^ 

^ 




)4 


Me 


18 


.240 


.0070 


i^e 


i%s 


i%e 


1%4 


% 


16 


.294 


.0078 


»%a 


iHe 


»Hi 


iHa 


%e 


14 


.344 


.0089 


*%8 


«Ha 


l^e 


*%4 


^ 


13 


.400 


.0096 


1 


% 


ly* 


%e 


%e 


12 


.454 


.0104 


1%4 


•%s 


l%e 


•)44 


% 


11 


.607 


.0113 


1%. . 


IHe 


1)4 


i%a 


% 


10 


.620 


.0126 


l%e 


lU 


1% 


94 


% 


9 


.731 


.0140 


l>%a 


ITie 


2Ha 


»%« 


1 


8 


.837 


.0166 


1% 


1% 


2<He 


!%• 


1% 


7 


.940 


.0180 


2%s 


li9ie 


2)4 


*%» 


ly* 


7 


1.065 


.0180 


2%e 


2 


2>T4s 


1 


1% 


6 


1.160 


.0210 


2)i 


29ie 


3)ie 


1%S 


U4 


6 


1.284 


.0210 


2% 


2% 


3% 


IHe 


1% 


6V& 


1.389 


.0227 


2i%« 


2%e 


3% 


l%s 


1% 


5 


1.490 


.0250 


3%e 


2% 


8<%s 


IH 


1% 


5 


1.615 


.0250 


3i%a 


2i%e 


49ie 


li%a 


2 


4^ 


1.712 


.0280 


3% 


3^ 


4%e 


l%e 


2V4 


4^ 


1.962 


.0280 


4)ie 


3V& 


4«)4s 


194 


2% 


4 


2.176 


.0310 


4)i 


3T6 


6)4 


li%e 


2% 


4 


2.425 


.0310 


4«Ha 


4)4 


6 


2)4 


3 


3^ 


2.628 


.0367 


5% 


4% 


6He 


2%e 


3% 


3% 


2.878 


.0357 


6% 


6 


7)4 


2)4 


3% 


3% 


3.100 


.0384 


6%4 


5% 


7% 


2i)ie 


3% 


3 


3.317 


.0410 


6% 


6% 


m« 


2% 


4 


3 


3.666 


.0410 


7%4 


6% 


8i)4e 


8)ia 


4% 


2% 


3.798 


.0436 


7V& 


6^ 


9)4 


3)4 


4Mi 


294 


4.027 


.0460 


7«^s 


6% 


9% 


STie 


4% 


2% 


4.265 


.0480 


8% 


7V4 


10%s 


394 


5 


2% 


4.480 


.0600 


8i%« 


7% 


lOiHe 


8i%e 


6% 


2% 


4.730 


.0600 


9^ 


8 


11% 


4 


6^i 


2% 


4.963 


.0626 


9iMe 


8% 


ll»%s 


4%« 


6% 


2H 


5.203 


.0526 


lOH 


8% 


12%e 


4% 


6 


2M 


5.423 


.0656 


10%e 


9)4 


129i« 


49ie 



NoTK. — Threads have an angle of 60 degrees, with flat tops and bottoms. 



ELEXTTRIC INTBRIiOGKINO HANDBOOK 



881 



STANDARD MACHINE SCREWS 



No. 


Threads 

per 

Inch 


Diam. 
of Body 


Dtaun. 

of Flat 

Head 


Diam.ofDlam.of 

Round FUltter 

Head Head 


LSNOTHB 


Clear- 
ance 
Drill 


From 


T» 


Inch 


boh 


Ineh 


Inch 


Inch 


Incb 


2 


56 


.0842 


.1631 


.1544 


.1332 


%6 


% 


41-13 


4 


32. 36, 40 


.1105 


.2158 


.2028 


.1747 


%6 


% 


30-32 


6 


30,32 


.1368 


.2684 


.2512 


.2175 


Me 


1 


27-28 


8 


30,32 


.1631 


.3210 


.2936 


.2610 


% 


m 


17-18 


10 


24, 30, 32 


.1894 


.3737 


.3480 


.3035 


)4 


1% 


11- 8 


12 


20,24 


.2158 


.4263 


.3922 


.3445 


% 


1% 


2- 1 


14 


20,24 


.2421 


.4790 


.4364 


.3885 


% 


2 


Va 



NoTS. — Lengths yaiy by 16th8 from 9i« to ^, by 8ths from ^ to 1^, by 
4tb8 from 1^ to 2. 



STANDARD DDifENSIONS OF WROUGHT-IRON WELDED PIPE 

BRIGGS' STANDARD 



Nominal 
Inside 
Diam. 


Actual 

Outside 

Diam. 


Thickness 
of Metal 


Length of 

Pipe per 

Sq. Ft. 

Outside 

Surface 


Internal 
Area 


Weight of 

Pipe per 

Lineal Foot 


Number of 
Threads 
per Inch 


Ins. 


Ins. 


Ins. 


Ft. 


8q. In. 


Lbs. 


No. 


^ 


.540 


.088 


7.075 


.104 


.42 


18 


% 


.675 


.091 


6.658 


.191 


.56 


18 


H 


.840 


.109 


4.547 


.304 


.84 


14 


% 


1.050 


.113 


3.638 


.533 


1.12 


14 


1 


1.315 


.134 


2.904 


.861 


1.67 


11% 


m 


1.660 


.140 


2.301 


1.496 


2.24 


11% 


1% 


1.900 


.145 


2.010 


2.036 


2.68 


11% 


2 


2.376 


.154 


1.608 


3.356 


3.61 


11% 


2% 


2.875 


.204 


1.329 


4.780 


6.74 


8 


3 


3.500 


.217 


1.091 


7.383 


7.54 


8 


3^ 


4.000 


.226 


.955 


9.887 


9.00 


8 


4 


4.500 


.237 


.849 


12.730 


10.66 


8 


4H 


5.000 


.246 


.764 


15.961 


12.34 


8 


5 


5.563 


.259 


.687 


19.986 


14.50 


8 


6 


6.625 


.280 


.677 


28.890 


18.76 


8 


7 


7.626 


.301 


.501 


38.738 


23.27 


8 


8 


8.625 


.322 


.443 


50.027 


28.18 


8 


9 


9.625 


.344 


.397 


62.730 


33.70 


00 00 


10 


10.75 


.366 


.355 


78.823 


40.06 
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SQUARE 


HEAD LAO SCREWS 








Diameter 

In 

Inches 


%e 


% 


He 


H 


Me 


% 


^4. 


% 


1 


Length 

in 
Incbeii 


Arerage Weight per Hundred 


Lbs. 


Lbs. 


Lbe. 


LbB. 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


IH 


4.2 


6.5 


9.2 


13.0 


• ■ • • 


■ • * ■ 


• • • • 


■ ■ • • 




1% 
2 


4.7 
6.2 


7.1 

7.7 


10.0 
10.9 


13.8 
14.9 












23.0 


24.8 


• « ■ • 


• • • • 




2% 


6.7 


8.4 


11.8 


16.1 


24.6 


27.3 


• ■ • • 


• • • • 




2% 


6.2 


9.2 


12.7 


17.4 


26.0 


29.0 


43.0 


• • ■ • 




3 


7.2 


10.6 


14.6 


19.0 


29.2 


32.9 


48.3 


75.0 




3H 


8.2 


12.0 


16.6 


21.6 


32.6 


36.9 


63.8 


78.6 


90 


4 


9.2 


13.6 


18.8 


24.0 


36.9 


41.0 


59.6 


82.0 


99 


4H 


10.2 


16.0 


20.7 


26.6 


39.3 


44.9 


65.6 


86 


108 


5 


11.3 


16.6 


22.8 


29.0 


42.7 


48.8 


71.5 


90.0 


118 


6% 


12.4 


18.0 


24.9 


31.6 


46.1 


62.7 


77.6 


98.0 


128 


6 


13.6 


19.5 


27.0 


34.0 


49.5 


56.6 


83.6 


106.0 


138 



Note. — For dimensions of lag screw heads, see page 380. 





COMMON WIRE 


NAILS 




Size 


Length 

in 
Inches 


Diameter 

in 

Inches 


Approx. 

Number to 

Lb. 


Approz. 

Lbs. per 

1000 


2D 


1 


.072 


876 


1.14 


3D 


1V4 


.080 


568 


1.76 


4D 


IH 


.100 


316 


3.16 


6D 


1% 


.100 


271 


3.69 


6D 


2 


.113 


181 


6.63 


7D 


2^ 


.113 


161 


6.21 


8D 


2H 


.131 


106 


9.43 


9D 


2% 


.131 


96 


10.4 


lOD 


3 


.148 


69 


14.6 


12D 


3% 


.148 


63 


16.9 


16D 


3H 


.162 


49 


20.4 


20D 


4 


.192 


31 


32.3 


SOD 


4H 


.207 


24 


41.7 


40D 


6 


.225 


18 


66.6 


60D 


5% 


.244 


14 


71.4 


60D 


6 


.263 


11 


90.9 
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TABLE OF BOARD MEASURE 




Siae 


Length In Feet 


10 


12 


14 


16 


18 


Feet Board Meaenre 


1x2 


1% 


2 


2% 


2% 


3 


1x4 


3% 


4 


4% 


5% 


6 


1x6 


5 


6 


7 


8 


9 


1x8 


6% 


8 


9% 


10% 


12 


1x10 


8^ 


10 


11% 


13% 


15 


1x12 


10 


12 


14 


16 


18 


1x14 


11% 


14 


16% 


18% 


21 


2x4 


6% 


8 


9% 


10% 


12 


2x6 


10 


12 


14 


16 


18 


2x8 


13^ 


16 


18% 


21% 


24 


2x10 


16% 


20 


23% 


26% 


30 


2x12 


20 


24 


28 


32 


36 


2x14 


23V8 


28 


32% 


37% 


42 


3x8 


20 


24 


28 


32 


36 


3x10 


25 


30 


35 


40 


46 


3x12 


30 


36 


42 


48 


54 


3x14 


35 


42 


49 


56 


63 


4x4 


13% 


16 


18% 


21% 


24 


4x6 


20 


24 


28 


32 


36 


4x8 


26% 


32 


37% 


42% 


48 


4x10 


33% 


40 


46% 


53% 


60 


4x12 


40 


48 


66 


64 


72 


4x14 


46% 


56 


65% 


74% 


84 



NoTB. — Length in feet X width in feet X thickneee in inches = number 
of feet board meastire. (1 cu. ft. of lumber =12 board feet.) 
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BAUMti*S HYDROMETER AND SPECIFIC GRAVITIES 

COMPARED 



Degrees 
Bauini6 


Liquids 
Heavier 
than 
Water. 
8p. Or. 


Liquids 
Lighter 

than 
Water. 
8p. Or. 


Degrees 
Bauini6 


Liquids 
Heavier 

than 
Water. 
8p. Or. 


Liquids 
Lighter 

Water. 
Sp. Or. 


0.0 


1.000 




28.0 


1.239 


0.886 


1.0 


1.007 




29.0 


1.260 


0.881 


2.0 


1.014 




30.0 


1.261 


0.875 


3.0 


1.021 




31.0 


1.272 


0.870 


4.0 


1.028 





32.0 


1.283 


0.864 


6.0 


1.036 




33.0 


1.296 


0.869 


6.0 


1.043 




34.0 


1.306 


0.864 


7.0 


1.061 




36.0 


1.318 


0.849 


8.0 


1.068 




36.0 


1.330 


0.843 


9.0 


1.066 




37.0 


1.343 


0.838 


10.0 


1.074 


1.000 


38.0 


1.355 


0.833 


11.0 


1.082 


0.993 


39.0 


1.868 


0.828 


12.0 


1.090 


0.986 


40.0 


1.381 


0.824 


13.0 


1.099 


0.979 


41.0 


1.394 


0.819 


14.0 


1.107 


0.972 


42.0 


1.408 


0.814 


15.0 


1.116 


0.966 


44.0 


1.436 


0.806 


16.0 


1.124 


0.969 


46.0 


1.466 


0.796 


17.0 


1.133 


0.952 


48.0 


1.496 


0.787 


18.0 


1.142 


0.946 


60.0 


1.626 


0,778 


19.0 


1.161 


0.940 


62.0 


1.669 


0.769 


20.0 


1.160 


0.933 


64.0 


1.693 


0.761 


21.0 


1.169 


0.927 


66.0 


1.629 


0.763 


22.0 


1.179 


0.921 


68.0 


1.667 


0.746 


23.0 


1.189 


0.916 


60.0 


1.706 


0.737 


24.0 


1.198 


0.909 


66.0 


1.813 


0.718 


26.0 


1.208 


0.903 


70.0 


1.933 


0.700 


26.0 


1.219 


0.897 


76.0 


2.071 


0.683 


27.0 


1.229 


0.892 









Reprinted by permUtUm from "Kenta Meehanicai Engineen' Pocket Book. 
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SPECIFIC GRAVITY OF LIQUIDS AT 60 DEGREES FAHR. 



Acid, Muriatic 1.200 

Acid, Nitric 1.217 

Acid, Sulphuric, 1 .849 

Alcohol, pure, 0.794 

Alcohol, 95 per cent., . . 0.816 

Alcohol, 50 per cent., . . 0.934 

Ammonia, 27 .9 per cent., . .891 

Bromide, 2.97 

Carbon, disulphide, . . . 1 . 26 

Ether, Sulphuric 0.72 

Oil, Linseed, 0.94 



Oil, OUve 0.92 

Oil, Palm 0.97 

Oil, Petroleum, . . . 0.78 to 0.88 

Oil, Rape, 0.92 

Oil, Turpentine, . . .0.87 

Oil, Whale 0.92 

Tar 1. 

Vinegar, 1.08 

Water, 1. 

Water, Sea, . . . . 1 .026 to 1 .03 



BepHnted Inf permigtUm/Tom "Kent's MecftaniaU Engineen' Pocket Book," 



SPECIFIC GRAVITY AND WEIGHT 


OF WOOD 






Bpeciflo 
Gravity 


Weight per 

Cubic Foot, 

Pounds 




Specific 
Gravity 


Weight per 

Cubic Foot, 

Pounds 




Avge. 






Avge. 




Alder, .... 


0.56 to 0.80 0.68 


42 


Hornbeam, 


0.76 0.76 


47 


Apple.. . . . 


0.73 to 0.70 0.76 


47 
45 
22 


Juniper, . . 
Larch, . . . 
Lignum vitse 


0.56 0.56 
0.56 0.56 
0.65 to 1.33 1.00 


35 
35 

62 


Ash, .... 


0.60 to 0.84 0.72 


Bamboo, . . 


0.31 to0.40 0.35 


Beech, . . . 


0.62 toO.85 0.73 


46 


Linden, . . 


0.604 


37 


Birch, .... 


0.56 to 0.74 0.66 


41 


Locust, . . 


0.728 


46 


Box, .... 


0.01 to 1.33 1.12 


70 
39 
41 


Mahogany, . 
Maple, . . . 
Mulberry, . 


0.56 to 1.06 0.81 
0.57 to 0.79 0.68 
0.56to0.90 0.73 


51 
42 

46 


Cedar, .... 


0.49 to 0.75 0.62 


Cherry, . . . 


0.61 to 0.72 0.66 


Chestnut. . . 


0.46to 0.66 0.56 


35 


Oak, live, . 


0.96 tol. 26 1.11 


60 


Cork, .... 


0.24 0.24 


15 


Oak, White, 


0.09 toO.86 0.77 


48 


Cypress, . . . 


0.41 toO.66 0.53 


33 


Oak. Red, . 


0.73 to 0.75 0.74 


46 


Dogwood, . . 


0.76 0.76 


47 


Pine, White, 


0.35 to 0.55 0.45 


28 


Ebony, . . . 


1.13 to 1.33 1.23 


76 


Pine,Yellow, 


0.46 to 0.76 0.61 


38 


Elm, .... 


0.55 to 0.78 0.61 


38 
37 
67 
37 


Poplar, . . 
Spruce, . . 
Sycamore, . 
Teak, . . . 


0.38 to 0.58 0.48 
0.40 to 0.50 0.45 
0.59 to 0.62 0.60 
0.66 to 0.08 0.82 


30 
28 
37 
51 


Fir 


0.48 to 0.70 0.50 


Gum, .... 


0.84 to 1.00 0.92 


Hackmatack, . 


0.59 0.50 


Hemlock, . . 


0.36 to 0.41 0.38 


24 


Wahiut, . . 


0.50 to 0.67 0.58 


36 


Hickory, . . . 


0.09 to 0.94 0.77 


48 


Willow, . . 


0.49to0.500.54 


34 


Holly, .... 


0.76 0.76 


47 













BeprinUd by permUHon/rom "Kent' 9 Mecfianical Engineen' Pocket Book.' 
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SPECIFIC GRAVITY AND WEIGHT OF STONES. BBIGK, 
CEMENT. ETC. (Pure Water=1.00.) 



Aflphaltum, 

Briok, Soft 

Briok, Common. 

Briok, Hard 

Brick, Presaed. 

Briok, Fire, 

Brick, Sand-lime, 

Brickwork in mortar. .... 
Brickwork in cement. .... 
Cement, American, natural, . 

Cement, Portland, 

Cement, Portland, loose, . . 
Cement. Portland, in barrels, 

Clay 

Concrete. 

Earth, loose, 

Earth, rammed, 

Emery, 

Glass 

Glass, flint, 

Gneiss } 
Granite ) 

Gravel. 

Gypsum, 

Hornblende, 

Ice, 

lime, quick, in bulk. .... 

limestone 

Magnesia. Carbonate, .... 

Marble, 

Masonry, dry rubble, .... 

Masonry, dressed, 

Mica 

Mortar, 

Mud, soft flowing, 

Pitch « 

Plaster of Paris, 

Quarts, 

Sand 

Sand, wet, 

Sandstone, 

Slate 

Soapstone. 

Stone, various, 

Trap 

TUe 



Bp. Or. 


Lb. par Cu. Ft. 


1.39 


87 


1.6 


100 


1.79 


112 


2.0 


125 


2.16 


135 


2.24 to2. 4 


140 to 150 


2.18 


136 


1.6 


100 


1.79 


112 


2.8 to3.2 


• • • 


3.05to3.15 


• • • 




92 
116 
120 to 150 




1.92 to 2. 4 


1.92 to 2. 48 


120 to 155 


1.15 to 1.28 


72 to 80 


1 .44 to 1 .76 


90 to 110 


4. 


250 


2.5 to2.76 


166 to 172 


2.88to3.14 


180 to 196 


2.66to2.72 


160 to 170 


1.6 to 1.92 


100 to 120 


2.08to2.4 


130 to 150 


3.2 to3.52 


200 to 220 


0.88to0.92 


56 to 67 


0.8 toO.96 


50to 60 


2.30to2.90 


140 to 185 


2.4 


150 


2.56to2.88 


160 to 180 


2.24to2.56 


140 to 160 


2.24to2.88 


140 to 180 


2.80 


175 


1.44 to 1.6 


90 to 100 


1.67 to 1.92 


104 to 120 


1.15 


72 


1.60 to 1.81 


93 to 113 


2.64 


166 


1.44tol.76 


90 to 110 


1.89to2.07 


118 to 129 


2.24 to 2.4 


140 to 150 


2.72to2.88 


170 to 180 


2.65 to 2.8 


166 to 176 


2.16to3.4 


136toa00 


2.72to3.4 


170 to 200 


1.76 to 1.92 


110 to 120 



Reprinud by pennUHon from Kent's "Mteftanieal Bnoineen' PoekeH Book.*' 
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SPECIFIC GRAVITY AND WEIGHT OF METALS 



Aluminum, .... 

Antimony, .... 

BiBmuth, 

Bn«: Oopper+Zino 
80 20 
70 80 
60 40 
60 60 

Bron«»{^ 6 to 20 

Cadmium, 

Calcium, 

CSiromium, 

Cobalt, 

Gold, pure, 

Copper, 

Iridium, 

Iron, Cadt, 

Iron, Wioufl^t, . . . 

Lead, 

Manganese, 

Maenesium, . 



Mercury, 



Nickel, . . 
Platinum, . 
Potaaaium, 
Silver, . . 
Sodium, . 
Steel, . . . 
Tin, . . . 
Titanium, . 
Tungsten, . 
Zino, . . . 



{ 



32« 

60" 

212* 



Specifle Gravfty. 

RiuBge According 
to Several 
Atttborltles 



2.66 to 2.71 
6.66 to 6.86 
9.74 to 0.90 



7.8 to 8.6 



8.52 to 8.96 

8.6 to 8.7 
1.68 
6.0 
8.6 to 8.6 
19.245 to 19.361 
8.69 to 8.92 
22.38 to 23. 

6.85 to 7.48 
7.4 to 7.9 

11.07 to 11 .44 
7. to 8. 
1.69 to 1.75 
13.60 to 13 .62 

13.58 
13.37 to 13.38 
8.279 to 8.93 
20.33 to 22.07 

0.866 
10.474 to 10.511 
0.97 
7.69* to 7.93?t 
7.291 to 7.409 

5.3 
17. to 17.6 

6.86 to 7.20 



Spedflo Grav- 
ity. ' Approx. 
Mean Value. 

used In 
Oaleulatlom (rf 

WelCht 



2.67 
6.76 
9.82 




8.863 

8.66 

1.58 

6.0 

8.65 
19.258 

8.853 
22.38 

7.218 

7.70 
11.38 

8. 

1.75 
18.62 
13.58 
13.38 

8.8 
21.5 

0.866 
10.606 

0.97 

7.864 

7.350 

6.3 
17.3 

7.00 



Welgbt 

per 
Oubie 

Foot 



Lbs. 



166.5 
421.6 
612.4 

636.3 
623.8 
621.3 
611.4 

552. 

539. 
98.6 
311.8 
633.1 

1200.9 
552. 

1396. 
450. 
480. 
709.7 
499. 
109. 
849.3 
846.8 
834.4 
648.7 

1347.0 
53.9 
666.1 
60.6 
489.6 
458.3 
330.6 

1078.7 
436.6 



Weight 

per 
Oublo 

Uudt 






0.0963 
0.2439 
0.3644 

0.3108 
0.3031 
0.3017 
0.2069 

0.3196 

0.3121 
0.0570 
0.1804 
0.3085 
0.6949 
0.3195 
0.8076 
0.2604 
0.2779 
0.4106 
0.2887 
0.0641 
0.4915 
0.4900 
0.4828 
0.3176 
0.7768 
0.0312 
0.3791 
0.0350 
0.2834 
0.2652 
0.1913 
0.6243 
0.2526 



* Hard and burned. 

t Very pure and soft. The sp. gr. decreases as the carbon ia increased. 

In ^e nrst column of figures the lowest are usually those of cast metals, 
which are more or less porous; the highest are of metals finely rolled or 
drawn into wire. 

SeprirUed hy permUtion from "KerUTM Meehanteal Engtneen' Pocket Boot,** 
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TABLES OF WEIGHTS AND MEASURES 

Linear Measure 

12 inches (in.), .... =1 foot (ft.) 

3 feet, =1 yard (yd.) 

5.5 yards, =lrod(rd.) 

40 rods, =1 furlong (fur.) 

8 furlongs, =1 mile (mi.) 

1 mi. = 8 fur. =320 rods = 1760 yd. = 5280 ft. =63,360 in. 

Square Measure 

144 square inches (sq. in.), =1 square foot (sq. ft.) 

9 square feet, . . . . = 1 square yard (sq. yd.) 
30^ square yards, . . . . = 1 square rod (sq. rd.) 

160 square rods, . . . . = 1 acre (A) 

640 acres, =1 square mile (sq. mi.) 

1 sq. mi. = 640 acres = 102,400 sq. rd. =3,097,600 sq. yd.= 
27,878,400 sq. ft. =4,014,489,600 sq. in. 

Cubic Measure 

1,728 cubic inches (cu. in.), =1 cubic foot (cu. ft.) 

27 cubic feet, =1 cubic yard (cu. yd.) 

128 cubic feet, =1 cord (cd.) 

24% cubic feet, =1 perch (P.) 

1 cu. yd. = 27 cu. ft. =46,656 cu. in. 

Measures of Angles or Arcs 

60 seconds ("), .... =1 minute (') 

60 minutes, =1 degree (°) 

90 degrees, =1 right angle or quadrant ( d ) 

360 degrees, =1 circle (cir.) 

1 cir. =360^ = 21,600' = 1,296,000". 

Avoirdupois Weight 

437.5 grains (gr.), .... =1 ounce (oz.) 

16 ounces, =1 pound (lb.) 

100 pounds, =1 hundredweight (cwt.) 

20 cwt. or 2,000 lb., . . =1 ton (T.) ♦ 

1 T.=20 cwt. =2,000 lb. =32,000 oz. = 14,000,000 gr. 
The avoirdupois pound contains 7,000 grains. 

Dry Measure, 

2 pints (pt.), =1 quart (qt.) 

8 quarts, =1 peck (pk.) 

4 pecks, =1 bushel (bu.) 

1 bu.«4 pk.«32 qt.«64 pt. 

The U. S. struck bushel contains 2,150.42 cubic inches = 
1.2444 cubic feet. By law, its dimensions are those of a 
cylinder 18^ inches m diameter and 8 inches deep. The 
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heaped bushel is ^ual to Wl struck bushels, the cone being 
six inches high. Tne dry gallon contains 268.8 cubic inches, 
being % of a struck bushS. 

For approximations, the bushel may be taken at IV4 cubic 
feet, or a cubic foot may be considered % of a bushel. 

The British bushel contains 2,218.19 cubic inches » 1.2837 
cubic feet = 1.032 U. S. bushels. 

Liquid Measure 

4 gills (gi.), =lpint(pt.) 

2 pints, =1 quart (qt.) 

4 quarts, »1 ^llon (gal.) 

31^ gallons, =1 barrel (bbl.) 

2 barrels, =1 hogshead (hhd.) 

1 hhd. =2 bbl. =63 gal. =252 qt. = 504 pt. =2,016 gi. 

The U. S. gallon contains 231 cubic inches = .134 cubic feet 
approximate ; or 1 cubic foot contains 7.481 gallons. The fol- 
lowing cylinders contain the given measures very closely : 



Diam. Height 

GUI, 1% in. 3 in. 

Pint, 3y2 in. 3 in. 

Quart, .... 3% in. 6 in. 



Diam. Height 

Gallon, . . 7 in. 6 in. 

8 gallons, . 14 in. 12 in. 

10 gallons, . 14 in. 15 in. 



When water is at its maximum density, 1 cubic foot 
weighs 62.425 pounds and 1 gallon weighs 8.345 i)ounds. 

For approximations, 1 cubic foot of water is considered 
equal to iMs eallons and 1 gallon as weighing 8^ pounds. 

The British Imperial gallon, both liquid and dry, contains 
277.274 cubic inches =.16046 cubic feet, and is equivalent to 
the volume of 10 pounds of pure water at 62 degrees Fahr. 
To reduce British to U. S. liquid gallons, multiply bv 1.2. Con- 
versely, to convert U. S. into British liquia gallons, divide 
by 1.2 ; or, increase the number of gallons M>. 

Miscellaneous Table 

12 articles, =1 dozen. 

12 dozen, =1 gross. 

12 gross, =1 great gross. 

2 articles, =1 pair. 

20 articles, =1 score. 

24 sheets, =1 quire. 

20 quires, =1 ream. 
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FRENCH OR METRIC MEASURE 

The metric unit of len^h is the metre « 39.37 inches. 

The metric unit of weight is the eram « 15.432 grains. 

The following prefixes are used for subdivisions and multi- 

Sles: Mim = 1/1000, Centi = 1/100, Deci = l/10, Deca-10, 
[ecto«100, Kilo -1000, Myria - 10,000. 



FRENCH EQUIVALENTS OF AMERICAN AND 
BRITISH MEASURE 

Measures of Length 

French British and U. S, 

(39.37 inches 

1 metre, « ^ or 3.28083 feet 

( or 1.09361 yards 

.3048 metre, =1 foot 

1 centimetre, = .3937 inch 

2.54 centimetres, =1 inch 

■ l»«l^et-. Hi/2?lift«rly 

25.4 millimetres, =1 inch 

1 wi/^r«*.f^^ - 5 1093.61 yards or 

Ikilometre, ^ j 0.62137 mile 



Measures of Surface 



French 



British and U, S, 



^ j 10.764 square feet 

( 1.196 square yards 
= 1 square yard 
= 1 square foot 
= .155 square inch. 
= 1 square inch 
^ f .00155 SG[uare inch 

\ 1973.5 circular mils. 
= 1 square inch 
= 10.764 square fept 
= 1076.41 square feet 
^ j 107641 square feet 

i 2.4711 acres 
^ / .386109 square mile 

\ 247.11 acres 
=38.6109 square miles 

Reprinted by permiseion from ** KenVe Mechanical Engineer' a Pocket Book.** 



1 square metre, . . . 

.836 square metre, . . . 

.0929 square metre, . . . 

1 square centimetre, . 

6.452 square centimetres, 

1 square millimetre, . 

645.2 square millimetres, 

1 centiare=l square metre, 
1 are = 1 square decametre, 

1 hectare— 100 ares, . . . 



1 square kilometre, . 
1 square myriametre. 
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Measures of Volume 

French BrUiah and U. S, 

1 «„k;« «v.a4^i.<. = i 35.314 cubic feet 

1 cubic metre, -" j 1.308 cubic yards 

.7645 cubic metre, =-1 cubic yard 

.02832 cubic metre, =1 cubic foot 

1 /.«k;., A^i^^4^^ ~ 5 61.023 cubic inches 

1 cubic decimetre, .._..= j ^3^3 ^^^^^ ^^^^ 

28.32 cubic decimetres, =1 cubic foot 

1 cubic centimetre, —.061 cubic inch 

16.387 cubic centimetres, =1 cubic inch 

1 cubic centimetre = 1 millilitre, = .061 cubic inch 

1 centilitre, = .610 cubic inch 

1 decilitre, =6.102 cubic inches 

1 H4^«.— 1 ^„Ki« A^i^^i-r»^ — i 61.023 cubic inches 

1 litre=l cubic decimetre, . . = j 1. 05671 quarts, U. S. 

1 hectolitre or decistere, • • • = { lillt b^hekTu. S. 

1 stere, kilolitre, or cubic metre, - { If^^ SeSTlL S. 

Measures op Capacity 
French British and U, S. 

61.023 cubic inches 
.03531 cubic foot 
1 litre (1 cubic decimetre), . . = ^ .2642 gallon (Am.) 

2.202 pounds of 
[ water at 62° Fahr. 

28.317 litres, =«1 cubic foot 

4.543 litres, =1 gallon (British) 

3.785 litres, =1 gallon (American) 

Measures of Weight 
French British and U, S. 

1 gramme, =15.432 grains 

.0648 gramme, =1 grain 

28.35 grammes, =1 ounce avoirdupois 

1 Kilogramme, =2.2046 pounds 

.4536 kilogramme, =1 pound 

r.9842 ton of 2,240 

1 tonne or metric ton, I pounds 

1,000 kilogrammes, = 1 19.68 cwts. 

1 2204.6 pounds 
1.016 metric tons, = I 1 ton of 2,240 

1,016 kilogrammes, = f pounds 



RepriiUed bv permiatiion from "KfnU'n Mechanical Engineen' Pocket Book." 
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SQUARES, CUBES. SQUARE ROOTS AND CUBE ROOTS OF 

NUMBERS FROM 0.1 TO 100 



No. 


Square 


Cuba 


Sq. 
Root 


Cube 
Root 


No. 


Square 


Cube 


Bq. 
Root 


Cube 
Root 


0.1 


.01 


.001 


.3162 


.4642 


3.1 


9.61 


29.791 


1.761 


lr458 


.16 


.0225 


.0034 


.8873 


.5313 


.2 


10.24 


32.768 


1.789 


1.474 


.2 


.04 


.008 


.4472 


.5848 


.3 


10.89 


36.937 


1.817 


1.480 


.25 


.0625 


.0156 


.500 


.6300 


.4 


11.56 


39.304 


1.844 


1.504 


.3 


.09 


.027 


.6477 


.6604 


.5 


12.25 


42.875 


1.871 


1.518 


.35 


.1225 


.0429 


.5916 


.7047 


.6 


12.96 


46.656 


1.897 


1.R33 


.4 


.16 


.064 


.6325 


.7368 


.7 


13.60 


50.653 


1.924 


1.647 


.45 


.2025 


.0911 


.6708 


.7663 


.8 


14.44 


64.872 


1.949 


1.560 


.5 


.25 


.125 


.7071 


.7937 


.9 


15.21 


69.319 


1.976 


1.574 


.55 


.3025 


.1664 


.7416 


.8193 


4. 


16. 


64. 


2. 


1.5874 


.6 


.36 


.216 


.7746 


.8434 


.1 


16.81 


68.921 


2.025 


1.601 


.65 


.4225 


.2746 


.8062 


.8662 


.2 


17.64 


74.088 


2.049 


1.613 


.7 


.40 


.343 


.8367 


.8879 


.3 


18.49 


70.607 


2.074 


1.626 


.75 


.5625 


.4219 


.8660 


.9086 


.4 


19.36 


85.184 


2.098 


1.630 


.8 


.64 


.512 


.8944 


.9283 


.5 


20.25 


91.125 


2.121 


1.651 


.85 


.7225 


.6141 


.9219 


.9473 


.6 


21.16 


97.336 


2.145 


1.663 


.9 


.81 


.729 


.9487 


.9655 


.7 


22.09 


103.823 


2.168 


1.675 


.05 


.9025 


.8574 


.9747 


.9830 


.8 


23.04 


110.692 


2.191 


1.687 


1. 


1. 


1. 


1. 


1. 


.9 


24.01 


117.649 


2.214 


1.608 


1.05 


1.1025 


1.168 


1.025 


1.016 


5. 


25. 


125. 


2.2361 


1.7100 


1.1 


1.21 


1.331 


1.049 


1.032 


.1 


26.01 


132.651 


2.268 


1.721 


1.15 


1.3225 


1.521 


1.072 


1.048 


.2 


27.04 


140.608 


2.280 


1.732 


1.2 


1.44 


1.728 


1.095 


1.063 


.3 


28.09 


148.877 


2.302 


1.744 


1.25 


1.5625 


1.953 


1.118 


1.077 


.4 


29.16 


157.464 


2.324 


1.754 


1.3 


1.69 


2.197 


1.140 


1.091 


.5 


30.25 


166.376 


2.346 


1.765 


1.35 


1.8225 


2.460 


1.162 


1.105 


.6 


31.36 


176.616 


2.366 


1.776 


1.4 


1.96 


2.744 


1.183 


1.119 


.7 


32.49 


185.193 


2.387 


1.786 


1.45 


2.1025 


3.049 


1.204 


1.132 


.8 


33.64 


195.112 


2.408 


1.707 


1.5 


2.25 


3.375 


1.2247 


1.1447 


.9 


34.81 


205.379 


2.429 


1.807 


1.55 


2.4025 


3.724 


1.246 


1.167 


6. 


36. 


216. 


2.4405 


1.8171 


1.6 


2.56 


4.096 


1.265 


1.170 


.1 


37.21 


226.981 


2.470 


1.827 


1.65 


2.7225 


4.492 


1.286 


1.182 


.2 


88.44 


238.328 


2.400 


1.837 


1.7 


2.89 


4.913 


1.304 


1.193 


.3 


39.60 


250.047 


2.510 


1.847 


1.75 


3.0625 


5.359 


1.323 


1.206 


.4 


40.96 


262.144 


2.630 


1.867 


1.8 


3.24 


5.832 


1.342 


1.216 


.5 


42.25 


274.625 


2.660 


1.866 


1.85 


3.4225 


6.332 


1.360 


1.228 


.6 


43.56 


287.496 


2.660 


1.876 


1.0 


3.61 


6.859 


1.378 


1.239 


.7 


44.89 


300.763 


2.688 


1.885 


1.05 


3.8025 


7.415 


1.396 


1.249 


.8 


46.24 


314.432 


2.608 


1.805 


2. 


4. 


8. 


1.4142 


1.2599 


.9 


47.61 


328.509 


2.627 


1.004 


.1 


4.41 


9.261 


1.449 


1.281 


7. 


49. 


343. 


2.6468 


1.0120 


.2 


4.84 


10.648 


1.483 


1.301 


.1 


50.41 


367.911 


2.665 


1.022 


.3 


5.29 


12.167 


1.517 


1.320 


.2 


51.84 


373.248 


2.683 


1.931 


.4 


6.76 


13.824 


1.649 


1.339 


.3 


63.29 


389.017 


2.702 


1.040 


.5 


6.25 


15.625 


1.681 


1.357 


.4 


54.76 


406.224 


2.720 


1.040 


.6 


6.76 


17.576 


1.612 


1.375 


.5 


56.25 


421.875 


2.730 


1.057 


.7 


7.29 


19.683 


1.643 


1.392 


.6 


57.76 


438.976 


2.757 


1.066 


.8 


7.84 


21.962 


1.673 


1.409 


.7 


59.29 


466.533 


2.776 


1.075 


.0 


8.41 


24.389 


1.703 


1.426 


.8 


60.84 


474.652 


2.703 


1.083 


3. 


9. 


27. 


1.7321 


1.4422 


.9 


62.41 


403.039 


2.811 


1.002 
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No. 


Square 


Cube 


Bq. 
Root 


Cube 
Root 


No. 


Sq. 


Cube 


Sq. 
Root 


Cube 
Root 


8. 


64. 


512. 


2.8284 


2. 


45 


2025 


91125 


6.7082 


3.5509 


.1 


65.61 


531.441 


2.846 


2.008 


46 


2116 


97330 


6.7823 


3.5830 


.2 


67.24 


551.368 


2.864 


2.017 


47 


2209 


103823 


6.8557 


3.6088 


.3 


68.89 


571.787 


2.881 


2.025 


48 


2304 


110592 


6.9282 


3.6342 


.4 


70.56 


592.704 


2.898 


2.033 


49 


2m 


117649 


7. 


3.6603 


.6 


72.25 


614.125 


2.915 


2.041 


50 


2500 


125000 


7.0711 


3.6640 


.6 


73.96 


636.056 


2.033 


2.049 


51 


2601 


132651 


7.1414 


3.7084 


.7 


75.60 


668.503 


2.950 


2.057 


52 


2704 


140608 


7.2111 


3.7325 


.8 


77.44 


681.472 


2.966 


2.065 


53 


2809 


148877 


7.2801 


3.7563 


.9 


79.21 


704.969 


2.983 


2.072 


54 


2916 


157464 


7.3485 


3.7798 


9. 


81. 


720. 


3. 


2.0601 


55 


3025 


166375 


7.4162 


3.8030 


.1 


82.81 


753.571 


3.017 


2.088 


56 


3136 


175616 


7.4833 


3.8259 


.2 


84.64 


778.688 


3.033 


2.096 


57 


3249 


185193 


7.5498 


3.8485 


.3 


86.49 


804.357 


3.050 


2.103 


58 


3364 


195112 


7.6158 


3.8709 


.4 


88.86 


830.584 


3.066 


2.110 


59 


3481 


205379 


7.6811 


3.8930 


.6 


90.26 


857.375 


3.082 


2.118 


60 


3600 


216000 


7.7460 


3.9149 


.6 


92.16 


884.736 


3.098 


2.125 


61 


3721 


226081 


7.8102 


3.9365 


.7 


94.09 


912.678 


3.114 


2.133 


62 


3844 


238328 


7.8740 


3.9579 


.8 


96.04 


941.192 


3.130 


2.140 


63 


3969 


250047 


7.9373 


3.9791 


.9 


98.01 


970.299 


3.146 


2.147 


64 


4096 


262144 


8. 


4. 


lO 


100 


1000 


3.1623 


2.1544 


65 


4225 


274626 


8.0623 


4.0207 


11 


121 


1331 


3.3166 


2.2240 


66 


4356 


287496 


8.1240 


4.0412 


12 


144 


1728 


3.4641 


2.2894 


67 


4489 


300763 


8.1854 


4.0615 


13 


169 


2197 


3.6056 


2.3513 


68 


4624 


314432 


8.2462 


4.0817 


14 


196 


2744 


3.7417 


2.4101 


69 


4761 


328509 


8.3066 


4.1016 


15 


226 


3375 


3.8730 


2.4662 


70 


4900 


343000 


8.3666 


4.1213 


16 


256 


4096 


4. 


2.5198 


71 


5041 


357911 


8.4261 


4.1408 


17 


289 


4913 


4.1231 


2.5713 


72 


5184 


373248 


8.4853 


4.1602 


18 


324 


5832 


4.2426 


2.6207 


73 


5329 


389017 


8.5440 


4.1793 


19 


361 


6859 


4.3589 


2.6684 


74 


5476 


405224 


8.6023 


4.1983 


20 


400 


8000 


4.4721 


2.7144 


75 


5625 


421875 


8.6603 


4.2172 


21 


441 


9261 


4.5826 


2.7589 


76 


5776 


438976 


8.7178 


4.2358 


22 


484 


10648 


4.0904 


2.8020 


77 


5929 


456533 


8.7750 


4.2543 


23 


529 


12167 


4.7958 


2.8439 


78 


6084 


474552 


8.8318 


4.2727 


24 


576 


13824 


4.8990 


2.8845 


79 


6241 


493039 


8.8882 


4.2908 


25 


625 


15625 


5. 


2.9240 


80 


6400 


512000 


8.9443 


4.3089 


26 


676 


17576 


5.0990 


2.9625 


81 


6561 


531441 


9. 


4.3267 


27 


729 


19683 


5.1962 


3. 


82 


6724 


551368 


9.0554 


4.3445 


28 


784 


21952 


5.2915 


3.0366 


83 


6880 


571787 


9.1104 


4.3621 


29 


841 


24389 


5.3852 


3.0723 


84 


7056 


592704 


9.1652 


4.3795 


30 


000 


27000 


6.4772 


3.1072 


85 


7226 


614125 


9.2195 


4.3968 


31 


961 


29791 


5.5678 


3.1414 


86 


7396 


636056 


9.2736 


4.4140 


32 


1024 


32768 


5.6509 


3.1748 


87 


7569 


658503 


9.3276 


4.4310 


33 


1089 


35037 


5.7446 


3.2075 


88 


7744 


681472 


9.3806 


4.4480 


34 


1156 


39304 


5.8310 


3.2396 


89 


7921 


704969 


9.4340 


4.4647 


35 


1225 


42875 


5.9161 


3.2711 


90 


8100 


729000 


9.4868 


4.4814 


36 


1296 


46656 


6. 


3.3019 


91 


8281 


753571 


9.5394 


4.4979 


87 


1360 


50653 


6.0828 


3.3322 


92 


8464 


778688 


9.5917 


4.5144 


38 


1444 


54872 


6.1644 


3.3620 


93 


8649 


804357 


9.6437 


4.5307 


39 


1521 


59319 


6.2450 


3.3912 


94 


8836 


830584 


9.6054 


4.5468 


40 


1600 


64000 


6.3246 


3.4200 


95 


9025 


857375 


9.7468 


4.5629 


41 


1681 


68921 


6.4031 


3.4482 


96 


9216 


884736 


9.7980 


4.5789 


42 


1764 


74088 


6.4807 


3.4760 


97 


V409 


912673 


9.8489 


4.5947 


43 


1849 


79507 


6.5574 


3.5034 


98 


9604 


941192 


9.8995 


4.6104 


44 


1936 


85184 


6.6332 


3.5303 


99 


9801 


970299 


9.9499 


4.6261 
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CX)MMON FRACTIONS AND THEIR EQUIVALENTS IN DECIMAL 

INCHES AND MILLIMETERS 



Fraction 


Inches 


Milli- 
meters 


Fraction 


Incbea 


Milli- 
meters 


V64 


.0156 


.397 


«%4 

• 


.6166 


13.10 


^2 


.0313 


.79 


1%3 


.6313 


13.50 


%4 


.0469 


1.19 


»%4 


.6469 


13.89 


^6 %2 


.0625 


1.69 


%e i%2 


.6626 


14.29 


%4 


.0781 


1.98 


aye* 


.6781 


14.69 


%2 


.0938 


2.38 


1%2 


.6938 


16.09 


%4 


.1094 


2.78 


«%4 


.6094 


16.48 


% ^2 


.1250 


3.18 


%a%2 


.6260 


16.88 


%4 


.1406 


3.57 


*y64 


.6406 


16.28 


%2 


.1563 


3.97 


2^2 


.6663 


16.67 


1%4 


.1719 


4.37 


^^64 


.6719 


17.07 


%e %2 


.1876 


4.76 


1^6 2%2 


.6876 


17.47 


1%4 


.2031 


5.16 


*%4 


.7031 


17.86 


%2 


.2188 


5.66 


2%2 


.7188 


18.26 


1%4 


.2344 


6.95 


*%4 


.7344 


18.66 


V* %2 


.2500 


6.36 


% 2%3 


.7600 


19.01 


iVw 


.2656 


6.75 


*%4 


.7666 


19.46 


%2 


.2813 


7.16 


2%2 


.7813 


19.86 


1%4 


.2969 


7.64 


6V64 


.7969 


20.25 


%6 1%2 


.3125 


7.94 


1%6 2%2 


.8126 


20.64 


2y«4 


.3281 


8.34 


BJ^W 


.8281 


21.04 


1^2 


.3438 


8.73 


2%2 


.8438 


21.44 


2%4 


.3594 


9.13 


8%4 


.8594 


21.83 


%1%2 


.3750 


9.53 


% 2%2 


.8750 


22.23 


2%4 


.3906 


9.92 


5%4 


.8906 


22.63 


1%2 


.4063 


10.32 


2%2 


.9063 


23.02 


27/64 


.4219 


10.72 


B%4 


.9219 


23.42 


%6 1%2 


.4375 


11.12 


iHe 8%2 


.9376 


23.82 


a%4 


.4531 


11.61 


«%4 


.9631 


24.22 


1%2 


.4688 


11.91 


«Ha 


.9688 


24.61 


"Vw 


.4844 


12.31 


•^64 


.9844 


26.01 


% 1%2 


.6000 


12.70 


1 »%2 


1.0000 


26.41 
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CIRCUMFERENCE 


AND AREAS 


OF GIF 


LCL 


E8 






IM»m. 


CtRsimi 


Ais 


Dlun. 


Clrcuni.l Am || Dlam. | Clnmm. 


ARit 1 


^ 


.04Wt 


.0001* 


VA 


7.85*0 


4,087 


.472 1 




.mii 


.00077 


Vi„ 


8.050: 


i 






208 




785 


fj* 


.I4T2I 




% 








21 


508 




122 


.1(631 




'Ma 








21 


991 








.»u: 


ioOSSD 


H 








22 


384 








.3B17I 


.01237 


'«. 




f 










282 




.mg; 


.01917 


'^ 








2! 


169 




718 








'Ma 










582 






Til 


'.tsix 


'03768 




.4241 


^ 


06Se 


2( 


S56 

347 




«64 
173 


U 


.TSW 


.04909 










2| 


740 




707 


^ 








!817l 












286 


^a 


:»8iTi 






1 .014 












849 


if^ 


.OTM 


:0ft2Sl 




1 .210 


t 




25-^18 




156 


^ 


.1781 


.11016 




1 407 








2« ill 




088 


.1703 










94& 










1?. 


.3744 






1 :7«9 




3801 








436 


'%. 


.4738 


.17287 




fS 


i 


6211 
967) 




II 




1 


U 


.ETOS 






1 .3SS 














"^ 


.eeoo 








IC 


880 




2f 167 




307 




.7(171 










045 




28 «a 




201 




.8e&3 


!Z7«B8 
















029 


•f. 








12' 171 












882 


:i»i7 








li 


m 








7B0 


;& 


.IMS 


:37m 






13 


666 




30 31 




682 


.2560 










982 




31 aa 




680 










1 !9E9 








31 18 




640 




3.3503 


.44179 












31 m 








2.4M4 


.17937 


1 :a52 


i5 


186 




3! 01 




518 




2.5535 


.51810, 










3! «4 








2.DKI7 


.56911 














590 




2.7*89 


.8013! , 


1 ;94I 


16 


466 








664 




3.M71 


.64604' 


1 .137 


11 


904 




33 72 


M 


781 




2.M53 


.80039 


1 .334 




349 




34 65 


S3 


886 


•»t 








i :m 


11 


!67 




34 158 
34.^50 


Oi 


ioe 




S.Ulfi 


.7854 




1 .923 


17 


721 




36 


343 


91 


402 






.8888 








190 




M 


736 




62 














865 








lOE 






3;73oa 


:i076 




1 :5i3 


H 


147 






S21 


10« 






3,9370 


.2273 




1 .708 


11 


635 




38 


914 


lot 


43 




1.1233 






1 .904 


%. 


129 




37 


306 




76 






:^ 




1 .101 




629 




31 










4:tlW 


.8230 














1)92 








4 7124 


.7671 




1 :4e3 


21 


648 




3t 


185 


111 


86 




19087 






1 .600 


22 






38 


877 


12c 


28 












ZS 






3{ 


270 


13i 


72 




5! 3014 






1 :0S2 










863 








5.4*73 










768 






056 




68 




6. SHI 


!9803 








301 




« 


448 


130 


IB 














860 




4C 


841 


m 


73 


> 


ti-om 


,94sa 




1 !8e8 

1 .064 


2t 


106 

967 






azfl 




99 


2. 


e.2839 


3.1116 




1 .281 


2( 


635 






019 


14C 


60 


Vit 








1 .467 


21 


lOa 




1! 


412 


I4S 






\1mn 


3!64e6 








688 














8.8723 


3.7583 




1 :850 


2{ 










14f 


(9 




7.0888 






1 .242 


20 


485 




4S 


690 


Ul 


20 




7.3849 








3C 


680 






182 


163 






7.4813 


t:4301 




20!OS8 
















Tia 


7.esj« 


46684 




20,420 


3! 


^ 




44768 


ia4s ( 
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DUm. 


dnum. 


Ar« 


Diun. 


Cinum. 


AI» 


DLUL 


arcMm- 


Ana 1 


14% 


45 100 


182.30 


a; " 


SO 900 


888 82 


» 


94640 


712.76 


H 


<J 


»3 


1U.13 




71 






20 






033 


718 




% 




«40 


















428 


724 


04 


K 


« 












401 


04 




91 


810 


730 


82 


% 


« 


731 


173.78 




71 


471 


40t 


40 




M 




73J 






t; 


124 


176.71 




71 


S64 




97 












'\ 




si; 
















Of 






e» 














42« 




3 


97 


3S9 


75( 


77 


H 


v 


302 


lSi.88 




7: 


042 


424 


S6 




07 


782 


78( 


S7 


Vi 


ts 


m 


ISS.W 




73 


436 


421 






« 






OS 


^ 


« 


087 






7i 


S27 
















tt 














36 




« 


960 


77t 


31 


Ti 


a 


873 


1B7.93 








41! 


01 




9C 


353 


78( 






M 


2es 


201. Ofl 




7( 


006 


447 


09 




K 




791 
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APPENDIX 



REPRINT OF PREFACE 

From Catalogue No. 1 (1902), Taylor Signal Company, Buffalo, 
N. Y. Taylor Signal Company acquired by the General Kail- 
way Signal Company in 1904. 

IN the last few years there has been a phenomenal increase 
in tonnage hauled on American railways, necessitating 
the purclmse of more and better engines and cars of larger 
capacity, equipped with the best safety devices. Enor- 
mous sums have been emended in taking out curves, cutting 
down grades, laying admtional main tracks, putting in new 
siding, and providing improved terminal facilities. But, 
notwithstanding all these improvements, many lines find it 
impossible to handle their business with sufficient dispatch to 
avoid congestion. This fact has led many progressive Ameri- 
can railway managers to realize that if they are to secure the 
best and most economical returns from the great expenditures 
made for motive power, car equipment, and tracks, suitable 
means must be provided to enable their trains to move with a 
minimum of delays and a maximum of safety; and this can 
only be realized when train orders are supplanted by an up-to- 
date block system and hand operated switches by a modem 
system of interlocking. 

The very highest development of the art of signaling has 
been reached in this country, but no American railway is nearly 
so thoroughly equipped with signaling as is the average Englisn 
line. 

This lack of signal eq^uipment will be better comprehended 
after considering some simple statistics. 

The first interlocking plant installed on the London and 
Northwestern Railway was put in service in 1859; fourteen 
years later, in 1873, there were in use on that line alone 13,000 
levers. At the same date there was not a single interlocking 

giant in use in the United States, the first plant in this country 
aving been installed in the year 1874 by Messrs. Toucy and 
Buchanan at Spuyten Duyvil Junction, in New York City. 

At the present time (1902) there are in use on the 1,800 
miles of line of the London and Northwestern Railway ap- 
proximately 36,000 interlocked levers, or an average of about 
twenty levers per mile of line, whereas there are only about 
40,000 in use on all lines of the United States, or, approxi- 
mately, one lever to five miles of line, or about 1 'per cent, 
of the number of levers per mile used on the London and 
Northwestern Railway. 

When it is remembered that probably more than one-half 
of the interlocked levers in use in this coimtry are at gntde 
crossings, leaving fewer than 20,000 levers used for station, 
yard and terminal work, whereas practically the entire 36,000 
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on the L. & N. W. are used for such work alone, it will be recog- 
nized that American rsdlways are in general very poorly pro- 
vided with modem signal appliances. In fact, there is probably 
tonday not a single American railway that is nearly so thor- 
ough^ equipped as the London and Northwestern was twenty- 
seven years ago, though, as might be expected, the devices m 
use on American lines naving properly oiganized signal depart- 
ments, capable of making suitable specifications, compare 
favorably with the best in use on Euroi>ean lines and, in nu- 
merous instances, large power plants are in use which are supe- 
rior to anything ever devised abroad. 

There can be no question as to the inability of most of our 
railwa3rs to move their trains with proper safety and di^atch 
during times when traffic is heavy; no competent railway 
operating officer doubts that proper systems of signaling would 
greatly aid in the safer and more rapid movement of trains 
and, while there are probably few Ammcan railway men 
who recognize fully how very far behind the best European 
lines our fines are in respect to the completeness of their si^ial 
equipment, this is becoming better understood every year 
and there is reason to believe that our most progressive lines 
will not much longer continue to limit the applications of 
interlocking to the protection of grade crossings with here 
and there a junction or jrard plant. 

Such beine the case, it is probable that more signaling will 
be done in the near future than has ever before been done in 
this country and American railway managers will, therefore, 
find it greatly to their advantage to give serious consideration 
to the determination of what system of interlocking they can 
best use. 

The earliest system employed and that in most general use 
at this time is the so-called ''mechanical interlocking'* in 
which the switches or signals are manually worked hy means 
of interlocked levers connected with them by pipe or wire lines. 

When properly installed, this system has given satisfactory 
results; but, unfortunately, in the effort of railway men to 
secure cheap appliances and in the stress of competition be- 
tween the vsurious manufacturers of signaling devices, a great 
many of the installations made in this country are very imper- 
fect and unsafe. 

Experience has shown that, in order to secure a reasonable 
degree of safety, it is absolutdy essential that the following 
requirements be met : 

All derails, movable point firogs, locks, switches and home ' 
signals should be worked by pipe; no signal should be worked 
by a single wire; all pipe and wire lines should be autx)matic- 
ally compensated; all derails, movable point frogs and facing 
pomt switches should be provided with duplex facing point 
locks; all cranks and pipe compensators should be fixed on 
strong foundations set in best quality concrete; no facing 
point switch more than 600 feet from the tower should be 
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taken into the ^vstem; no lever should be overloaded by 
putting on it sucn a number of switches and bars as to pre- 
vent a man of average strength from throwing it with one 
hand. 

Where these and other proper specifications have been fol- 
lowed, fair results have oeen obtained, though it has long 
been recognized by American railway operatu^ officisds that 
this sjrstem has inherent defects that render it, under certain 
conditions, unsafe. For example, in the event of the breaJcage 
of a pipe or wire operating a signal, there can be no absolute 
assurance that such brealoige will be known by the leverman 
or that such signal wiU occupy a position corresponding with 
that of its lever or that it will not indicate "line clear" when, 
its lever being normal, another and opposing si^al is set at 
"line clear." 

The fatigue incident to working mechanical levers is very 
sreat, so that it is frequently necessary to employ three eight- 
hour levermen for a comparatively small plant where the 
ntimber of lever movements is considerable; if the plant is 
very large, it is sometimes necessary to employ as many as 
eight men on each of three shifts. 

Moreover, under certain conditions it is verv costlv to operate 
such a system. For example, in cases where tne distance 
between the extreme switches to be operated is over 1,600 
feet, it is generally necessary to provide two mechanical inter- 
locking towers, each with its own set of levermen, as it is 
neither safe nor practicable to work such switches from one 
tower. It is interesting to note in this connection that under 
the English Board of Trade requirements, which are wisely 
drawn and rigidly enforced, no facing point switch may be 
operated at a distance exceeding 540 feet from the tower. 
Even at this distance it is considered that orctinaiy pipe lines 
are not sufficiently strong or safe and many English lines now 
employ a steel channel section, cut to eighteen foot lengths and 
jointed by means of fish plates secured by six one-half inch 
Dolts, this construction admitting of ready detection of rods 
weakened by corrosion and of their easy removal. 

In order to overcome these and other disadvantages inherent 
in systems of mechanical interlocking, Hie "pneumatic system " 
was devised by Mr. (xeorge Westinghouse, Jr., the finrt working 
installation having been made at the crossing of the P. and R. 
and L. V. Railways, near Bound Brook, N. J., in 1884. 

At the present time two varieties of this system are in use, 
one, popularly known as the "electro-pneumatic," in which 
air compressed to a working pressure of about sixty pounds 
is employed for moving switches and signals and in which the 
release locking is effected by electro-magnetic means; and the 
other, popularly known as the "low pressure pneumatic," in 
which air at a pressure of about twenty pounds is used for 
operation and m which compressed air effects the release 
locking. 
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Some of the advantages claimed for this system are as 
follows: 

The ability to operate switches and signals at any desired 
distance from the cabin ; that switches are actually required 
to be moved and securely locked in the proper position before 
a signal eoveming traffic over them can oe cleared; that each 
signal, when cleared, automatically locks the lever operating it 
in such manner as to prevent the release of levers controlflng 
conflicting signals ana switches, imtil such signal has been 
again placed completely at danser, thus effectually providing 
a^nst the simultaneous display of two conflicting clear 
signals; that, there being no moving parts between cabin 
and switches and signals, wear of mec&nism, lost motion and 
the troublesome and dangerous effects of expansion and con- 
traction of mechanically operated pipes and wires are all 
eliminated; that much less room is required for leadout con- 
nections than in a mechanical plant and much valuable space 
is thereby saved; that cabins of much smaller and lignter 
design are used; that the operation of the machine requires so 
little physical exertion that one man can do the work that 
would in a mechanical plant require three or four. 

There can be no doubt that both varieties of the pneumatic 
svstem are far better adapted for the working of large plants 
than the mechanical as both largely fulfill tne claims above 
referred to. 

It is, however, found that in the electro-pneumatic system 
a cross between the release locking (commonly known as "indi- 
cation'*) wire and the common return wire (or ground), will 
have the same effect as would the closing of the indication cir- 
cuit in the proper manner, thus giving a false indication, which 
in view of the fact that the safety of an^r power interlocking 
depends upon the reliability of its indications, is highly objec- 
tionable. It is also found that where the indication is given 
by means of compressed air the release locking is often effected 
very slowly in cases wh^e switches or signals are located at a 
considerable distance from the tower and this, at a busy plant, 
is also very objectionable. 

Another disadvantage of the low pressure pneumatic system 
is that if a switch, meeting any obstruction, fails to complete 
its movement and to give indication, it is necessary either for 
a repairman to eo immediately to the switch and operate it 
by hand or for the leverman to force the indication, which is 
often done and is evidently dangerous. Thus, in one style of 
the pneumatic system there is the defect due to possibihty of 
false indication and in the other the defect due to slow indi- 
cation and to inability to reverse a switch which has not fully 
completed its movement. Some other disadvantages of the 
pneumatic systems are as follows: 

Liability to freezing of pipes and valves in extreme cold 
weather; high cost of furnishing power; danger of throwing 
near switches under trains when, owing to extreme cold 
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weather, it is necessarv to maintain higher than normal pres- 
sures in order to be able to work switches farthest from tower; 
high cost of maintenance owin^ to rapid deterioration of iron 
pipe lines placed underground and subjected to action of 
various salts and alkalies foimd in soil and to electrolytic 
action from electric railway and lij^hting circuits; difficult 
and cost of locating leaks and breaks m pipe lines under ground ; 
extremely hish cost of installing and operating medium sized 
and small plants or a small number of switches or sisnals 
located at a considerable distance from the tower in a mrge 
plant. 

To overcome these and other objectionable features of the 
pneumatic system, the ''electric'' system was devised. 

This system, the invention of Mr. John D. Taylor of Chilli- 
cothe, Ohio, was first installed by him on the B. & O. S. W. 
R'y at East Norwood, near Cincinnati, Ohio, in 1891; in 
1893 certain improvements were introduced by him in the 
methods of giving indications, the installation remaining 
otherwise as ori^nallv made. For some years afte*^ 1898, 
onlv a few small installations were made by Mr. Ta^rlc : owing 
to lack of sufficient capital to develop his inventions on a 
large scale, but in May, 1900, the Taylor Signal Company was 
or^nized in Buffalo, N. Y., and since that time a great number 
of installations, varying in size from the equivalent of 6 to 225 
mechanical levers, have been made on important lines of 
railway in the United States and Europe. 

In the Taylor (G. R. S.) electric system, switches and signals 
are operated b^ means of electric motors, the current for 
these motors being furnished generally bv a storage battery, 
charged from a d3mamo driven by an electric motor or gas 
engine. The release locking is effected by an electro-magnetic 
device placed under each interlocking lever and actuated by 
a dynamic current furnished by the switch or signal motor 
controlled by such lever, when and only when a stDttch has 
moved to a position corresponding wUh thai of the lever and is 
boU locked in that position or when a signal arm has moved to its 
full danger position. Crosses between an indication wire and 
common return wire (or ground) or any other wire of the 
system, can at worst only prevent the giving of indication and 
cannot by any possibility result in the giving of a false clear 
indication as can occur in other systems employing electro- 
magnetic indications. Moreover, in this system, indications 
are given instantaneously upon completion of locking of switch 
or of movement of signal to its stop position, irrespective of 
tne distance of such switch or signal from the tower, thus 
Meeting a great saving in the time required by any system 
using pneumatic indications, to set up a route. 

If, when a switch is thrown, it fails to complete its move- 
ment owing to some obstruction between point and stock 
rail, or for any cause whatever, the switch can be restored by 
the leverman to its original position and another effort can 



410 



GENERAL RAILWAY SIGNAL COMPANY 



be made to perform the desired movement, ofttimes thus 
avoiding the necessity, so frequently met with in the low 
pressure pneumatic system, of sendine a man out to throw 
the switch by hand or of forcing the indication. 

The electric is the only power system that can be satis&u;- 
torilv employed for the operation of plants having a small 
number of switches and signals. It is m service where as few 
as six working levers are emjiloyed and is perfectly adapted 
for use at all junctions, crossings, drawbridges, tunnels, sta- 
tions, yards, passing sidings, etc., where the distance between 
extreme switches or signals is greater than can be safdy 
covered with a mechaniod plant, even though there be only a 
very few signals and switches to be operated. For example, 
consider the two following diagrams, the first one showing 
arrangement of passing sidings on a single track and the other 
on a double track line: 
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On a few of the best signaled American railways the switches 
and signals immediately adjacent to the station A or B, would 
be worked by a mechanical interlocking plant, but owing to 
the great cost of operating an additionalmechanical interlock- 
ing plant at each of the extreme switches and the prohibitive 
cost of putting in a pneumatic power system bv which all the 
switches and signals could be worked from the station, the 
inlet switches are left to be worked by the trainmen, necessi- 
tating the stopping of their trains; and if, as sometimes 
happens, such stoppage occurs on a bad grade, heavy trains 
may br^k in two ^ starting up. Eveiy pn^tical railway 
man will at once recognize the tremendous advantage that 
would be gained if these extreme switches, together witn their 
proper signals, could be safely and economically worked from 
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the station, thereby enabling trains to pass onto and out of 
passing sidings at speed and in absolute safety. With the 
Taylor (G. R. S.) electric system this can be effected at a rela- 
tively small cost, and, in conjunction with a system of auto- 
matic, electric, track circuit block signals in use on the open 
road, where tnere are no switches, this forms the ideal lock 
and block system and one, which we believe is destined to 
replace all others both in this country and in Europe. 

In the electric system, the cost of producing power for the 
operation of switches and signals rarely or never exceeds 
1 per cent, of the cost in any other power system doing an 
equal amount of work. For example, if in a system using 
compressed air, the cost of coal and services of men employed 
in running power plant is 400 doUars per month, the total cost 
of producmg power for an electric plant doing preciselv the 
same work will rarely or never exceed four dolku^ monthly. 

In this connection it will be interesting to note that at the 
South Bnglewood Tavlor (G. R. S.) intenockine plant on the 
C. R. I. & P. R. R., where the average daUy numo^ of switches 
moved and si|;nals cleared is 2,250, the consumption of gaso- 
line for runnmg engine for charging storage batteries, was 
sixty-eight gallons in eighty-six days, or one gallon for 2,845 
switch and signal operations. At Sixteenth and Clark streets, 
Chicago, Taylor (G. R. S.) interlocking plant at the crossing 
of the St. Charles Air Line with the C. R. I. & P. and L. S. & 
M. S. R'ySi where the movement exceeds 600 trains daily, the 
consumption of gasoline during 153 days was 222 gallons for 
642,600 switch and signal movements or 2,894 per gallon or 
about 826 movements for one cent for power. 

The cost of maintenance and renewals in an electric plant 
is only a small percentage of the cost in any other power plant. 
This can be readily understood from the fact that more feet of 
electrical conductors are employed in the dectro-pneumatic 
system than are used in the .Taylor (G. R. S.) system and there 
are all the pneumatic pipes; and, in the low pressure pneu- 
matic system, more feet of iron pipe are used than feet of elec- 
tric conductors in the Taylor (G. R. S.) system, and any one 
having experience with the rapid deterioration of iron pipes 
placed in the soils found about railways and subject to elec- 
trolysis, will have no difficulty in understanding how much 
shorter lived these underground pipes will be than weU insulated 
copper wires placed in a suitable conduit above groimd. Nor 
is It hard to understand how much more difficult and costlv it 
will be to make repairs to such pipe placed several feet under-r 
ground than it will be to repair a break or leak in a wire placed 
m a suitable conduit above ground. 

In this connection, it is interesting to note that the B. & O. 
S. W. R. R., which was the first to install the Taylor (G. R. S.) 
system, has found it far cheaper to maintain than an ordinary 
mechanical plant, and this is particularly true where, through 
change in grade or alignment of tracks, any changes ar^ 
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required in the interlocking plant, such changes being many 
times more costly in any other gystem than in the Taylor 
(G. R. S.) electric. Moreover, with the improved devices and 
methods of installation now used in this gystem, a far better 
showing will be made. 

The operation of the electric system is absolutely unaffected 
by change in temperature, whereas pneumatic ssrstems some- 
times experience serious difficulties owing to condensation 
and freezing of moisture contained in the compressed air, by 
wMch the mechanism becomes clogged and its worldng pre- 
vented. 

Even where the working is not absolutely prev^ited imder 
these conditions, it frequently becomes necessary to raise the 
pressure so hi^h in order to com|>ensate for losses in pressure 
at distant switches, that there is danger of throwing near 
switches under train, in case leverman makes an improper 
movement at such a time, as it is certain that as eenenuly 
installed, detector bar connections are not sufficient^ strong 
to resist any considerable increase above the normal working 
pressure in a pneumatic plant. It is therefore doubtful 
whether, during extreme cola weather, it is ever safe to attempt 
to work from one pneumatic machine, switches and signal, 
located so far from the tower as to require any increase over 
normal working pressure. Unquestionably, the safer practice, 
at such times, is to temporarily abandon the working of such 
switches and signals, as is often done, though this, of course, 
causes much troublesome delay and expense. 

In the electric system no such condition exists, as the 
''electric pressure" is exactly the same on the switch or signal 
motor located at a distance of 5,000 feet as on one located 
500 feet from the tower; moreover, the system is so arranged 
that the throwing of a switch lever while train is over the 
switch would cause the blowing of a fuse on the machine, 
thereby opening the circuit. 

In the foregjoins statement no effort has been made to de- 
scribe in detail the appliances and circuits employed in the 
Taylor (G. R. S.) electric system of interlocking; our object 
has been solely to point out the need of signal equipment on 
American railways and to state, without prejudice, the prin- 
cipsJ merits and defects of the several interlocking svstems at 
present employed, in order to aid such railway officials as have 
not had opportunity to acquaint themselves with the facts 
above set forth to make an intelligent comparison between 
such systems. 

The Taylor (G. R. S.) electric system is in the fullest accord 
with modem engineering practice which has shown, after years 
of experiment, that transmission of power to a distance can 
be more satisfactorily accomplished by means of electricity 
than by any other agency and, while there is no reason to 
doubt that this system will be improved in the future as in 
the past, we feel warranted in claiming at the present time 
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that it represents the very highest development of the art of 
signaling, embodying features of safety, economy and general 
applicability not possessed by any other system in use in this 
country or abroad. 

Taylor Signal (Company. 
(General Railway Signal Company.) 



INFORMATION TO BE FURNISHED BY THE 

RAILWAY COMPANY WHEN REQUESTING AN 

ESTIMATE ON ELECTRIC INTERLOCKING 

In order to pjrepare promptly an accurate estimate on a pro- 
posed installation of electric interlocking, it is necessary that 
definite information on certain items be Furnished by the Rail- 
way Company with the request for a proposal. This informa- 
tion can best be covered by a specification together with 
certain plans. 

It is not necessary for each individual railroad to prepare a 
specification form as the Railway Signal Association adopted, 
in 1910, a very complete specification covering this practice. 
The specification has been prepared by a committee of men, 
actively engaged in railway signal work, and its use is heartily 
recommende<L It can be secured by reference to the Manual 
of the Railway Signal Association issued in 1912. It has, of 
course, been necessary in drawing up this specification to 
leave optional a number of items, definite information on 
which should be given with each request for an estimate. 
Attention is especially directed to certain points essential 
to the preparation of estimates, covered by sections of the 
specification as follows: 

3. **Dramng8." 

A track plan should be furnished giving very completely the 
information under sul>i)aragraph 1. The symbols which have 
been adopted by the Railway Signal Association as shown on 
pages 348 to 359 of this Handbook should be used. The infor- 
mation called for in sub-paragraphs 2, 3 and 4 should be given 
if possible, although this is not absolutely necessary. 

7. ** Materials to he furnished and work to he done hy and at 

the expense of the Purchaser." 
Consideration should be given to the items listed in this 
paragraph and note made of any deviation therefrom. 

18. *' Transportation" 

A definite statement should be made as to whether trans- 
portation is to be furnished for men, tools and materials or for 
either. 
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50. ** Buildifig foundationa.** 

51. ** Interlocking station " 

52. "Powerhouse." 

It should be clearly stated whether the contractor is to 
erect the buildings and their foundations, the dimensions and 
specifications being given if such is the case. 

54. "Lightinp for buildings," 

When electric lighting for any of the buildings is desired, 
paragraphs a, b, c and a should oe filled out. 

60. 'rPkmt." {Power Plant.) 

61. '^Engine," 
70. "Motor." 

85. " Storage battery ." 

Definite information must be given as to the power supply. 
The ampere hour capacity and nimiber of cells of the battery 
should oe specified as well as the capacitv of any charging 
apparatus desired. Data on pa^es 154 to 159 of this Handbook 
will be of assistance in determining the proper capacities for 
the battery and charging apparatus. 

100. "Machine." (Interlocking Machine.) 

While a properly prepared track plan will determine the 
size and arrangement of levers in the interlocking machine, it 
will be necessary to specify any spare spaces or spare levers 
required in the event of tms information not being shown on 
the plan. 

502. "Track circuits." 

The nimiber and arrangement of track circ\uts to be installed 
should be shown on the plans or covered in the specification. 

506. "Electric lighting circuits." 

The information called for in this section should be given, 
attention being called to pages 127 to 130 in this Handbook. 

510. " Special circuits." 

Typical plans of special circiuts may be furnished under 
this section or the circuit requirements stated, in which event 
the contractor will submit typical proposed circuits with the 
estimate. Pages 133 to 139 of this Handbook are devoted to 
Electric Locking circuits, the data being based on the R. S. A. 
classification of the different types of circuits. 

521. "Size." (Wire and Wiring.) 

The data as to size of wires under paragraph **f" should be 
given when track circuits are to be installed. 
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ELECTRIC INTERLOCKING LEVERS INSTALLED 

AND UNDER CONTRACT 



January 1, 1913 



Mameof Eoad 



Atchinson, Topeka & Santa F6 RV, 

Atlanta, Birmmeham & Atlantic H'y» 

Atlanta Terminal Station, 

Baltimore & Ohio, 

Birmingham Terminal Station, 

Buflfalo Creek R. R., 

Canadian Pacific Rfy 

Central of Georgia K'y, 

Central R. R. or New Jersey, 

Chattanooga Union Station Co., 

Chesapeake & Ohio R'y, 

Chicago & Alton R. R., 

Chicago & Eastern Illinois R. R., 

Chicago & Milwaukee Electric, 

Chicago & Northwestern R'y, 

Chicago & Western Indiana R. R., 

Chicago, Biurlii^gton & Quincy R. R., 

Chics^o Great Western R. R., 

Chicago, Indianapolis & Louisville R'y (Monon), 

Chicago, Milwaukee & St. Paul R'y, 

Chicago, Rock Island & Pacific RV 

Chicago, St. Paul, Minneapolis & Omaha R'y, . 
Cincinnati, New Orleans & Texas Pacific R V, . . 
Cleveland, Cincinnati, Chicago & St. Louis R'y, . 

Copper Range R. R., 

Cumberland Valley R. R., 

Delaware & Hudson Co., 

Department of Public Works, British Columbia, 

Detroit & Toledo Construction Co., 

Detroit River Tunnel Co., 

Elgin, Joliet & Eastern R'y, 

Ene R. R., 

Galveston, Harrisburg & San Antonio R'y, . . . 

Grand Trunk R*y, 

Great Northern K'y, 

Gulf, Colorado & &inta F6 R' 



Number 
of Plants 

. 40 

1 

2 
. 19 



JKV, . . . 

Houston & Texas Central R. E., . . 
Houston Belt & Terminal R'y, . . . 
Hudson & Manhattan R. R., . . . . 

IlUnois Central R. R.. 

Kansas City Terminal R'y, 

Kentucky & Indiana Terminal R. R., 
Lake Shore & Michigan Southern R'y, 

Lehigh Valley R.R., 

Lonj^ Island K. R., •. . 

Louisville & Nashville R. R., . . . . 



35 



5 
1 

10 
5 
5 
6 

13 
1 
3 
2 
1 
1 
4 
2 

11 
1 
2 
6 
1 
8 
8 

10 

20 
1 
1 

28 
9 
2 
4 



Total 
Leven 

1348 

48 

184 

880 

144 

84 

40 

52 

28 

120 

212 

108 

136 

32 

2100 

24 

464 

128 

28 

416 

494 

80 

208 

556 

40 

24 

64 

28 

82 

264 

72 

614 

40 

60 

200 

48 

248 

140 

128 

824 

56 

56 

1778 

384 

68 

160 
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Namlwr Total 
Name of Road o( Plants 



Louisiana R'y & Navigation Co., 1 28 

Michigan Central R. R 6 272 

Missouri Pacific R'y, 1 32 

Morgan's Louisiana & Texas R. R. & S. S. Co., . 1 32 

Nashville, Chattanoo^ & St. Louis R'y, .... 1 140 

New York Central & Hudson River R. R., . . . 32 2744 

New York, New Haven & Hartford R. R., . . . 3 96 

Norfolk & Western R'y, 1 56 

Northern Pacific R'y, 7 140 

Northwestern Elevated R. R., 1 28 

Oregon Short Line, 1 52 

Oregon, Washington R. R.& Navigation Co., . . 2 152 

Pacific Electric R'y 4 164 

Pecos & North Texas Ry., 1 28 

Pennsylvania Lines West of Pittsburgh, .... 16 952 

Pennsylvania R. R., 3 72 

Peoria & Pekin Union R'y 1 56 

Pere Marquette R. R., 6 248 

Pittsburgh & Lake Erie R. R., 4 260 

Railway Signal Co., of Canada (Grand Trunk R'y), 1 72 

San Francisco-Oakland Terminal R'y, 2 76 

Savannah Union Station, 2 68 

Southern Indiana R'y, 1 32 

Southern Pacific Co., 17 664 

Southern Railway, 1 20 

Spokane & Inland Empire R. R. 1 16 

Terminal R. R. Assn. of St. Louis, 6 484 

Texas & Pacific R'y, 1 120 

Tidewater & Western R. R., 1 40 

Toledo & Ohio Central R. R., 2 128 

Toledo R'y & Light Co., 1 4 

Toledo R'y & Terminal Co., 2 68 

Toronto, Hamilton & Buffalo R'y, 1 88 

Union Pacific R. R., 6 380 

Washington, Baltimore & Annapolis Electric R'y, 1 44 

Western Pacific R'y, 6 180 

Wisconsin Central R. R., 3 92 

Grand Total, 440 21,370 
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AltemaltiiK 

A 

Alternating current appliances, 107- 

124. 
Alternating current relasre (aee 

rdays). 
Angles, measures of, 388. 
Apparatus (see under name of mate- 
rial). 
Appendix: 

Information for estimating. 413, 

414. 
Interlocking plants installed, list 

of. 415. 416. 
Reprint of Preface from Taylor 

(G. R. S.) Catalogue No. 1, 

405-413. 
Approach locking, 136, 138 (see also 

electric locking). 
A. R. A rail sections, 375. 
Arcs, meamires of, 388. 
Arrester, lightning. 371. 
A. S. C. E. rail sections, 376. 
Avoirdupois weight, 388. 



Ballast, definition of grades of, 273. 
Batteries: 

Primary, caustic soda cell: 

Action of, 285, 287. 

Care of, 287. 

Description of, 285. 

Illustration of, 286. 

R S. A. oeU. 286. 

R. S. A. specifications for. 287, 
288. 

Symbols for. 351. 359. 

Uses of, 285. 
Primary, dry cell: 

Care of, 204. 

Description of, 294. 

Symbols for. 351, 359. 

Uses of. 293. 
Primary, gravity cell: 

Action of, 289. 

Care of, 293. 

Chutes for, 292. 293. 

Coppers for. R. S. A.. 291. 

Description of. 289. 

Symbols for, 351. 359. 

Uses of. 288. 

Zinc for. R. S. A.. 290. 
Secondary, lead type storage: 

Broken jars, 153. 



Batteries 

Batteries :' — {Con,) 
Secondary, lead type storage: 
Capacity required for electric 

lighting, 155, 156. 
Capacity required for function 

operation. 154. 155. 
Capacity required for G. R. S. 

plants. 154^158. 
Capacity required for G. R. 8. 

plants, table. 158. 
Capacity required for indica- 
tors, locks, etc., 156. 
Capacity required for operating 

switchboard, 155. 
Capacity, reserve, 156, 157. 
Cell cover for, 146. 
CeUs, number required for inter- 
locking plants, 38. 
Charging apparatus for, 39, 40, 

150-166. 
Charging circuit for. 163. 
Charging instructions for. 151. 

152. 
Charging switch for. 160. 
Charging rate of. 146. 159. 
Cupboards for, 38, 158. 
Description of, 145. 
Dimensions of R. S. A. cell, 

146. 
Discharging, instructions for, 

152. 
Electrolyte for, 146, 148. 149. 
Formula for determining sise of, 

157, 158. 
Function constants, table of. 

155. 
Housing of, 37, 38. 
Illustrations of, 37, 38, 145. 

146, 158. 
Important points in care of, 

153, 154. 
Indications of trouble in, 153. 
Initial charge of, 150. 
Inspection of, 153. 
Installation, R. S. A. directions 

for, 148-151. 
Jar for, 146. 

Large capacity cells for, 151. 
Location at interlocking plants, 

37. 
Low voltage, uses of. 39. 
Operation. R. S. A. instructions 

for. 151-154. 
Pilot cell for. 151. 
Racks for, 37, 145. 
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Batteries 

Batteries: — (Con.) 

Secondaiy, lead type storage: 
Readings of, 158. 
Reserve capacity required, 156, 

167. 
R. S. A. directions for installa- 
tion, 148-151. 
R. S. A. instructions for opera- 
tion of, 151-154. 
R. S. A. specifications for, 147, 

148. 
Sand tray for, 146. 
Specifications for, R. S. A., 147, 

148. 
Symbols for, 359. 
Trouble, indications of, 153. 
Two plate cells for, 150, 151. 
Uses at interlocking pUuats, 38, 

39. 
Voltage of, 38, 39. 
Weights of cells for, 146. 
Battery charging apparatus (see 

charging apparatus). 
Battery chutes: 

Illustrations of, 292, 293. 
Symbols for, 351. 
Uses of, 293. 
Weights of, 367. 
Battery charging switch, 160, 161. 
Baume's hydrometer, compared 

with specific gravities, 384. 
Bearing, for hi|^ or dwarf signal, 79. 
Belting, 373. 374. 
Blades for upper quadrant signals, 

249. 
Board feet required for trunking, 

315. 
Board measure, table of, 383. 
Bolts, dimensions of, 380. 
Bonds, impedance (see impedance 

bonds). 
Bond wires and channel pins, quan- 
tities required, 378. 
Boxes: 
Junction (see junction boxes). 
Measuring concrete, 323. 
Relay (see relay boxes). 
Switch (see switch circuit con- 
trollers). 
Bracket masts, 248. 
Bracket posts (see posts). 
Bridge circuit closers ; 
Description of, 283, 234. 
Dimensions of, 233. 
Operation of, 283, 234. 
Symbols for, 857. 
Bridge masts, 243. 



Circuits 



Capacity of storage batteries. 154- 
158 (see also battery, stor- 
age). 
Caustic soda cell, 285-288 (see also 

battery, primary). 
Centigrade temperatures compared 

with Fahrenheit, 392. 
Channel pins and bond wires, quan- 
tities required, 378. 
enlarging apparatus, genecators, 
driving units, etc.: 
Capacity required, 159. 
Circuits for, 168. 
Description of, 89, 40. 
Dimensions of, 168, 169. 
Efficiency of. 159. 
Floor space, required for, 159. 

169. 
Input. 159. 
Illustrations of, 39. 40, 42, 43, 

170. 
Installation data for, 159-181. 
Switchboards for. 40-46. 
Symbols for, 359. 
Weights of, 363. 
C!harging rheostat, 40. 
Charging switch, battery, 160, 161. 
Charts, manipulation, 102, 103. 
Check locking. 140. 141. 
Chutes, battery (see battery chutes) . 
Circuits: 

Approach, indication and sec- 
tion locking in combination, 
138. 
Approach locking. 136. 
Alternating cuirent track, double 

raU. 273. 
Alternating current track, single 

rail. 114-119. 
Battery charging switch. 161. 
Charging, simplified. 163. 
Cheek locking. 140. 141. 
Cross protection. 88. 89. 
Double rail A. C. track, 278. 
Electric locking: 
Approach, indication and sec- 
tion locking in combination, 
138. 
Approach locking, 186. 
Route locking, 185. 
Section locking 134. 
Stick, indication and section 
locking in combination, 139. 
Stick locking. 187. 
Interlocking machine, 88. 
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Clreolto 

Circuits : — iCon.) 
Motor connections: 

Model 2 switch machine, 201. 
Model 4 switch machine, 209. 
Operating: 
Model 2 and 3 dwarf signals, 83, 

84. 
Model 2A high signal, 22-24. 
Model 2 and 4 switch machineB, 

19-22. 
Switchboards, 40-46. 
Pole changer: 
Model 2 switch machine, 203. 
Model 4 switch machine, 210. 
Route locking, 135. 
Section locking, 134. 
Signal: 

Description of, 22-24. 

Modd 2 or 3 solenoid dwarf, 

84. 
Model 2 solenoid dwarf, one 

arm, typical, 260. 
Model 2 solenoid dwarf, two 

arm, typical, 261. 
Model 3 solenoid dwarf, typi- 
cal, 262. 
Mod^ 2A, two position, non- 
automatic, simplified, 23. 
Modd 2A, two position, non- 
automatic, typical, 71, 264, 
265. 
Modd 2A, two poeition, semi- 
automatic, ty^cal, 73, 256- 
259. 
Single rail A. C. track. 114- 

119. 
Stick, indication and section 
locking in combination, 139. 
Stick locking, 137. 
Switchboard: 

Description of, 40-46. 
Combination power and opera- 
ting. 180. 
Operating, 181. 
Operating, simplified diagram 

for, 45. 
Power, 176-178. 
Power, simplified diagram for, 
43. 
Switch machine: 
Description of, 19-22. 
Double switch lever, 228. 
Model 2 or Model 4, 61. 
Model 2 or Model 4, simplified, 

20. 
Model 2, typical. 226. 
Model 4, typical, 227. 



Conevete 

Circuits : — (Con.) 
Switch machine; 
Motor conneotioos, Modd 2, 

201. 
Motor connections, Model 4, 

209. 
Pole changer. Model 2. 203. 
Pole changer. Model 4, 210. 
Symbols for. 354-359. 
Testing, for pick-up and drop- 
away of D. G. line relay, 276. 
Testing, for pick-up and drop- 
away of D. G. track relay, 
276. 
Testing, for resistance of grounds, 

372. 
Testing, for resistanoe of rday 

contacts, 276. 
Track: 

Alternating current, double 

raU, 273. 
Alternating current, single rail. 
114-119. 
Written, 331-339. 
Circuit dosers, bridge, 233, 234. 
Circuit oontrolleni: 

Nomenclature for, 334-336. 
Switch (see switch drcuit con- 
trollers). 
Symbols for, R. S. A., 356-358. 
Circular measure, 388. 
Clearance diagrams: 

Modd 2A dwarf signal and third 

rail. 244. 
Modd 2 and Model 4 switch ma- 
chines. 214. 
Modd 4 switch machine and third 
raU. 215. 
CUps. raU. 229. 
Closers, bridge circuit, 233. 
Conunon return or main common 
wire, 19, 22, 60, 70. 83, 93, 
309. 
Concrete, Portland Cement: 
Box for measuring, 323. 
Cautions in use of, 322, 323. 
Consistency of, 321. 
Foundations (see foundations). 
MJTJng by hand, 322. 
Mixing by machine, 822. 
Proportions of material for, 321. 
Spedfications, R. S. A. for: 
Cement, 325. 
Consisteney, 326. 
Density of ingredients, 326. 
Disposition, 327. 
(.827. 
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Concrete 

Concrete : — (fion. ) 

Speoficstions, R. S. A. for: 
Finishing. 327. 
Forms, 326. 
Freezing weather, 328. 
General, 325. 
Gravel, 325. 
Measures, 325. 
Mixing, 326. 

Reinforced concrete, 328. 
Sand, 325. 
Stone, 325. 
Water. 325. 
Waterproofing, 328. 
Storing of, 321. 
Volumes of material for, 324. 
Controllers, circuit (see circuit con- 
trollers). 
Control wire for signals, 22, 70, 83, 

308. 
Control wire for switches, 19, 60, 

308. 
Cooling tank (see tanks). 
Copper-clad wire tables, 307 (see 

also wire). 
Coppers for gravity primary battery, 

291. 
Ck>ppOT wire tables. 306, 307 (see 

also wire). 
Cross protection: 
Advantages of, 26. 
Apparatus for, 88-06. 
Circuit breaker, individual, 95. 
Circuit breaker, switchboard, 90. 
Circuits for, 88, 89. 
Description of, 24r-26, 88-96. 
Operation of circuit breaker for, 

91, 92. 
Polarized relays for, 92, 93. 
Principles of, 89. 
Safeguards, 93. 
Sectionalizing of plants for, 93, 

94. 
Teets for, 94, 96. 
Uses of, 24-26. 
Chibic measure. 388. 
Chipboards, battery housing, 38, 158. 
Cycle of movements: 

Model 2 switch machine, 212. 
Model 4 switch machine, ^13. 



Detector bars: 

Motion plates for, 229. 
Rail cUps for, 229. 
Weights of Wouts for, 365. 



Electio*pmwwnatic 

DeveIopm«it of electric interlock* 

ing, 6. 
Diagrams: 

Illuminated track, 105, 106. 
Track, 102, 103. 
Distances, shipping, between cities 
of U. S. and Guiada, map of, 
368. 
Direct current relays (see relays). 
Direct current generators (see gen- 
erators). 
Dog chart, 55. 
Dry cell, 293, 294 (see also battery, 

primary). 
Dry measure, 388. 
Dwarf signals (see signals mechan- 
isms). 
Dynamic indication: 
Advantages of, 16, 24. 
Circuits for. 20, 23, 61, 71, 73. 
Description of, 15, 21, 24, 60, 71, 

74. 
Safety of, 24. 
Uses of, 16, 24. 



E 



Electric interlocking (see inter- 
locking). 
Electric interlocking machines (see 

interlocking machine). 

Electric interlocking ^stem, 15-28. 

Electric interlocking system (reprint 

from Catalogue No. 1, Taylor 

Signal Co.), 405-413. 

Electric lighting, 127-130 (see also 

lighting). 
Electric locking: 

Approach locking, 136. 

arcuits for, 134-139. 

Ck>mbination of basic forms of, 
138, 139. 

D^nitions of, 133. 

Description of, 133-139. 

Development of, 133. 

Indicaticm locking, 137, 138. 

Route locking, 135, 136. 

Screw rdease ifor, 134. 

Section locking, 134, 135. • 

Sectional route locking, 135, 136. 

Stick locking, 137. 

Time release for, 134. 
Electric time release, 134. 
Eleotrolsrte for storage batteries: 

Specific gravity of, 148. 

Weight of, 146. 
Electro-pneumatic interlocking, 5, 6. 
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EngliiieB 

Engiiiee, gaaoline: 
Belting for, 373, 374. 
Cooling tank, connections for, 

170, 171, 176. 
Cooling tank, location of, 171. 
Deecription of, 170-172. 
Dimenmons of, 169. 
Foundations for, 169. 
Gaaoline tank for, 171, 174, 175. 
Horae power of, 159, 169, 174. 
Illustrations of, 170. 
Installation data for, 169, 171, 

174. 
Location of, 171. 
Specifications, R. S. A., for, 174, 

176. 
Speed of, 169, 174. 
Starting, 171, 172. 
Stopping, 172. 

Tanks for, 170, 171, 174, 175. 
Troubles, 172-174. 

Cannot crank, 173. 

Gaifouretion, 172. 

Ignition, 172. 

Loss of oompressiixi, 172, 173. 

Loss of power, 173, 174. 

Mechanical difficulties, 173. 
Water connections for, 170. 
Estimates, information to be fur- 
nished by R. R., 413, 414. 



Fahrenheit temperatures compared 

with Centigrade, 393. 
First interlocking installation in 

U. S. A., 6. 
Fluxes for soldering and welding, 299. 
Foundations: 

Bracket post, 251. 

Concrete for (see concrete). 

Gasoline engine, 169. 

Ground signal mast, 252. 

Model 2 one arm dwarf signal, 253. 

Model 2 two arm dwarf signal, 
253. 

Model 2A dwarf signal, 253. 

Model 3 dwarf signal, 253. 

G 

Gasoline engines, 169-176 (see also 

engines). 
Gasoline tanks (see tanks). 
Gears: 

Clearance of. Model 2A signal, 78. 

Formula for, 372. 

Speed of, 372. 



Indleattng 

Generators, direct coirent: 

Capacity of, 159, 169. 

Charging circuits for, 163. 

Description of, 39, 162. 

Dimensions of, 169. 

Engines for driving, 159, 169. 

Failure to build up, 166. 

Fitting brushes to, 166. 

Foundation for, 169. 

General instructions for, 164, 
166. 

Illustrations of, 39. 

Installation of, 162-169. 

Maintenance of, 163-166. 

Operation of, 162-164. 

Setting up, 162, 169. 

Shutting down, 164. 

Speed of, 169. 

Specifications, R. S. A. for, 166, 
167. 

Starting, 162, 163. 

Symbols for, 359. 

Uses of, 39. 

Voltage of, 162. 

Weights of, 363. 
Gravity cell, 288-293 (see also bat- 
tery, primary). 
Grounds, circuit for testing, 372. 
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Hanger irons for transformers, 279. 
High Signals (see also signal mech- 
anisms): 
Illustrations of, 17, 22, 25, 81. 
Masts for, 243. 
Spacing of arms for, 243. 
Symbols for, 348, 349. 
Weights of. 365, 366. 
Horse power of gasoline engines, 

159, 169, 174. 
Hydrometer, Bau!hie*8, compared 

with specific gravities, 384. 
Hydro-pnetmiatic interlocking, 5. 



Illuminated track diagrams, 105, 

106. 
Impedance bonds: 

Description of, 120, 121. 

Dimensions of, 120, 121. 

Layouts for, 120, 121. 

Symbols for, 350. 

Weights of, 367. 
Incandescent lamps (see lamps). 
Indicating relays, alternating cur- 
rent (see relajni). 
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IndioslioQ. dsnuunio (see dynwnie 

indicstiafi). 
IndioatioD looking, 137-139 (see 

alflo electric lockiiii). 
Indicatioii magnets: 
Eneigy data for, 194. 
Illustrations of, 61, 66. 
ResistaQGe of, 194. 
Indicati(m selector, 68. 
Indicatois: 
Alternating current: 
Description of, 111, 112. 
Dimensions of, 270. 
Energy data for, 271. 
Symbols for, 364, 366. 
Wei^ts of, 366, 367. 
Direct current: 
Battery ci4>acity required for, 

166, 167. 
Description of, 103-106. 
Dimensions <rf, 268. 
Eneigy data for, 266, 269. 
Illustrations of, 103-106. 
Resistance of. 266, 269 
Symbols for, 364, 366. 
Uses of, 103-106. 
Weights of, 366. 
Individual return wire, 94. 
Installation data (see under name 

of apparatus). 
Installation tools, 369, 370. 
Instructions, installation and main- 
tenance (see under name of 
i4>paratus). 
Interlocking, introductory article 
on: 
Electric, G. R. S. system of: 
Applicability of, 10-12. 
At what leverage is it economi- 
cal to install, 7. 
Average sales of Q. R. S. plants, 

11. 
Comparison of safety of, 9, 10. 
Cost of maintenance of, 8, 9. 
Devdoped by, 6. 
Distances functions may be 

operated from, 10. 
Effect of climatic conditions on, 

10, 11. 
£h:plotted by, 6. 
Number of levers installed, 7. 
Number of plants installed, 6, 7. 
Predictions as to future instal- 
lations of, 11, 12. 
Progress of, 6, 7. 
Proportion of plants installed 
which are Q. R. S., 6, 7. 



Interlocking, introdnotoiy artide 
on : — (Con.) 
Electric, Q. R. 8. system of: 
Reasons for adoption of, 8r-ll. 
Safety of, 8, 11. 
Sise of installations of, 11. 
Use in automatic territory of, 9. 
Use of track diagrams with, 11. 
Where used, 6, 7, 11. 
Electio-pneumatic : 

Installation, date of first, 6, 6. 
Installed at, first, 6. 
Plants installed, number of, 6. 
Hydro-pneumatic : 
Installation at, first, 6. 
Inventicm of, date of, 6. 
Plants installed, number of, 6, 
6. 
Mechanical: 
Oass of maintainen for, 8. 
Comparison of safety of, 0, 10. 
First eaq[>erimental installation 

in U. S. A., date of, 6. 
Installation in U. &. A., by, 

first, 6. 
Installation in U. S. A., loca- 
tion of first, 6. 
Installation of, first important, 

6. 
Inventors of, 6. 
Latch locking, first use of, 6. 
limitations of, 6. 
Origin of, 6. 

Patents, first granted, 6. 
Interiocking machine, electric: 
Accessories for, 68, 69. 
Arrangements of beds for, 190, 

191. 
Cabinets, length of, 190, 191. 
Qrouit breakers for, individual, 

93-96. 
Circuits for, 88. 
Control of, 47-63. 
Description of, 47-69. 
Dimensions of, 186-191. 
Dog chart for, 66. 
Energy data for indication mag- 
nets, 194. 
Energy data for lever locks, 196. 
Features of, 47>49. 
Frame for, 68. 

Illustrations of, 18, 43, 48, 49, 62. 
Indication magnets, (iterating 

data for, 194. 
Indication sdeetor for, 68. 
Individual dicuit brealran for, 
93-96. 
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Interioeking mnohin^, electric: — 

{Can.) 
InstaUataon data for, 185-195. 
Lamp oases and number plates 

for, 67. 
Less, number required and spac- 
ing, 190, 191. 
Length of, 190, 191. 
Lever, description of, 56, 57. 
Lever, iUustraUon of, 51, 56. 
Lever lock for, 58, 195. 
Lever, operation of, 49-53. 
Locking for, 53-56. 
Locking plates and locking, 53. 

56. 
Maintenance of, 188, 189. 
Mechanical time release for, 58, 

59. 
Notching, for lever locks, 192-194. 
Number of legs requu^ for, 190, 

191. 
Number plates for, 57 
Operation of signal lever, 50, 53. 
Operation of switch lever, 49, 50. 
Polarised relay for, 57, 58, 92, 93. 
Resistanoe of indication magnets 

for, 194. 
Safeguards of, 47-19. 
Safety features of, 47-49. 
Shipment of, 185. 
Spacing of legs for, 190, 191. 
Storing of, 185. 
Terminal boards for, 67. 
Testing of, 94, 96, 188, 194. 
Time release for, 68, 59. 
Unit lever ^srpe, desmription of, 

53-58. 
Uses of, 18, 19. 
Weights of, 363. 364. 
Wiling of, typical, 88. 
Interlocking stations: 

Arrangement of i4>paiatus in, 33. 
Ck>nstruotion data, 35. 
Description of, 31-36. 
Diagrams of, 32, 34, 36. 
lUustrations of, 81, 33, 35. 
Sises of, 31, 33. 
Symbols for, 352. 



Joints in wire, 298-304. 
Junction boxes: 

Illustrations of, 316. 

Nails required for, 317. 

Symbols for, 361. 
of, 367. 
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(see also 



incandescent 
lighting). 
Ampere hours per signal, 155, 156. 
Arrangement for signal lighting, 

128. 
Power required for, 127. 
Symbols for, 359. 
Types used in signal lighting, 127. 
Layouts: 
Detector bar, weights of, 365. 
Impedance bond, 120, 121. 
Switch, 218-225 (see also switch 
layouts). 
Lead type storage batteries (see 

batteries, secondary). 
Levers: 
Cross connection wiring for 

double switch, 228. 
Double switch, wiring of, 228. 
Notches for lever locks, 192-194. 
Signal: 

Description of, 60, 53, 56, 67. 
Operation of, 50, 53. 
Switch: 
Cross connection wiring for 

double, 228. 
Description of, 49, 50, 56, 57. 
Illustrations of, 51, 56. 
Operation of, 49, 50. 
Wiling of double lever, 228. 
Lever locks (see locks). 
Lighting, electric signal: 
Ampere hours required for, 155, 

156. 
Bulbs for, 127, 128. 
CiQMMsity of battery for, 165, 156. 
Economy effected, 127. 
Formula for, 156, 157. 
Lamps, incandescent, 127, 128. 
Power required for, 127, 155, 

156. 
Precautions, 129. 
Recommendations for, 130. 
Reserve power for, 128, 129. 
Source of power for, 128, 129. 
When economical to use, 127. 
lighting panels (see panels). 
T lightning arrester, 371. 
Limitation of mechanical inter- 
locking, 5. 
linear measure, 388. 
liquids: 
Measure of, 389. 
Specific gravity of, 386 
Locking, check, 140, 141. 
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Locldns 

Locking, electric (aee electric lock- 
ing). 
Locking plates and locking, 53- 

56. 
Locking Bheet, 54. 
Locks, lever: 

Application to lever, 192-194. 

Cutting of notches for, 192-194. 

Description of, 58. 

Dimensions of, 195. 

Energy data for, 195. 

Illustration of, 195. 

Installation data for, 192-195. 

Notching of levers for, 192-194. 

Specifications for, 192-194. 

Symbols for, 354. 

Test for clearance of, 193, 194. 



Machines: 

Interlocking (see interlocking ma- 
chine). 
Signal (see signal mechanism). 
S-witch (see switch mechanism). 
Magnets, indication (see indication 

magnets). 
Main common or common return 
wire, 19, 22, 60, 70, 83, 93, 
309. 
Maintenance (see under name of ap- 
paratus) . 
Maintenance tools, 369, 370. 
Manipulation charts, 102, 103. 
Map of shipping distances between 
cities of U. S. and Canada, 
368. 
Masts, R. S. A. signal: 

Bracket, dimensions of, 243. 
Bridge, dimensions of, 243. 
Foundations for, 261, 252. 
Ground, dimensions of, 243. 
Measures and weights: 

French equivalents of, 390, 391. 
Metric, 390, 391. 
Tables of, 388, 389. 
Measuring box for concrete, 323. 
Mechanical interlocking (cee inter- 
locking, mechanical). 
Mechanical time release, 58, 59. 
Mechanism: 

Signal (see signal meehanism). 
Switch (see switch mechanism) . 
Mercury arc rectlfiera: 
Input for, 159. 
Voltage requirements of, 159. 



Motor 

Metals: 

Fluxes for soldering and welding, 

299. 
Specific gravities of, 387. 
Weights of, 387. 
Metric measure system, 390, 391. 
Model 2A signal (see signal mech- 
anism). 
Model 2 dwarf signal (see signal 

mechanisms) . 
Model 3 dwarf signal (see signal 

mechanisms) . 
Model 2 switch machine (see switch 

mechanisms) . 
Model 4 switch machine (see switch 

mechanisms). 
Motion plates, 229. 
Motors: 

Speed of, 168. 
Starting panels for, 181. 
Switch: 

Connection diagrams for, 201, 

209. 
Cycle of movements of, 212, 

213. 
Maintenance of, 206, 211. 
Symbols for, 359. 
Voltage for, operating, 159, 
162. 
Motor generators: 

Employing A. C. motor: 
Floor space required, 159. 
Illustration of, 42. 
Input, 159. 
Symbols for, 359. 
Emplojring D. C. motor: 
Capacity of, 168. 
Description of, 39, 40. 
Dimensions of, 168. 
Failure to build up, 166. 
Fitting brushes to, 165. 
Floor space required for, 159, 

168. 
General instructions for, 164, 

165. 
Illustrations of, 40, 43. 
Input, 159. 

Installation data for, 162-168. 
Maintenance of, 163-166. 
Setting up, 162. 
Shutting down, 164. 
Speed of. 168. 
Starting of, 162, 163. 
Symbols for, 359. 
Weights of, 363. 
Motor starting panels, 181. 
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N 

Nails: 
Amount required for junction 

boxes, 317. 
Amount required for trunking, 

317. 
Sizes of, 382. 
Weights of, 382. 
Number plates, interlocking ma- 
chines, 57. 

O 

Oiling diagrams: 

Dwarf bearing. Model 2A signal, 

240. 
Mechanism, Model 2A signal, 238. 

Operating data (see under name of 
apparatus) . 

Operating mechanisms (see under 
name of mechanism) . 

Operating switchboards (see switch- 
board). 



Paint: 

Amount required for trunking, 

374. 
Application of, 374. 
Specifications, R. S. A. for, 374. 
Panels: 
Lighting: 

Dimensions of, 182. 
Switches for, 182. 
Wei«^t8 of, 363. 
Motor-starting, 181. 
Pilot cell, 151 (see batteries, sec- 
ondary). 
Pipe, wrought iron, dimensions of, 

381. 
Piping for gasoline engine: 
Cooling tank, 170, 175. 
Gasoline tank, 171, 175. 
Running water, 170. 
Plan, track, 54. 
Plants, power, G. R. S. (see power 

plants) . 
Plates, motion, 229. 
Polarized relays: 

Description of, 57, 58, 92, 93. 
Functions of, 25, 92. 
Illustrations of, 58, 02. 186, 189. 
Pole changer: 

Model 2 switch machine : 
Adjustment of, 202-205. 
Connections for, 202, 203 



B. S* A. SpecUlcalloiis 

Pole changer: — {C&n,) 
Model 2 switch machine: 
Illustration of, 64. 
Installation data for. 202-205. 
Maintenance of, 206. 
Movement for, 202. 
Operation of, 63, 64. 
Testing of. 204, 205. 
Wiring for. 203. 
Model 4 switch machine: 
Description of. 68. 
Illustration of, 68. 
Maintenance of, 211. 
Operation of, 68. 
Wiring for, 210. 
Polyphase relays (see relays A. C). 
Posts, bracket: 

Foundation for, 251. 
Masts for, 243. 
Weights of. 365. 
Power interlocking (see interlock- 
ing). 
Power plants: 
Batteries for. 38, 39 (see also bat- 

teries). 
Charging apparatus for, 39. 40 
(see also charging apparatus) . 
Composition of, 37. 
Description of, 37-40. 
Illustrations of, 42. 43. 
Location of, 37. 

Switchboards for, 40-46 (see also 
switchboards) . 
Power switchboards (see switch- 
boards). 
Primary batteries, 285-294 (see 

also batteries, primary). 
Protection, cross (see cross protec- 
tion). 
Pulleys, 372. 



Racks, battery, illustrations of, 37, 

145. 
Rail clips. E. Z. motion plate type, 

229. 
Rail sections, dimensions of, 375. 
R. S. A. specifications for: 
Caustic soda primary cell, 287, 

288. 
Concrete, 325-328. 
Copper for gravity cell, 291. 
Electric generator, 166, 167. 
Electric interlocking, extracts 
from: 
Painting, 374. 
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B. 8. A. Speelflcatkms 

R. S. A. Specifications for: — (Con.) 
Electric interlockiiig, extracts 
from: 
Trunking, junction boxes and 

supports, 312, 313. 
Wire and wiring, 297-290. 
Gasoline engine, 174. 175. 
Lead type storage battery, 147- 

154. 
Portland cement concrete, 325- 

328. 
Principles of signal indications, 

343. 
Signaling practice, 343-347. 
Symbols, 348-359. 
Voltage ranges, 282. 
Zinc for gravity cell, 290. 
R. S. A. standard apparatus: 
Battery chutes, 292. 
Battery jar, sand tray and cover, 

146. 
Blades for upper quadrant signals, 

249. 
Bracket post masts, 243. 
Bridge signal masts, 243. 
Caustic soda primary cell, 286. 
Coppers for gravity battery, 291. 
Foundation for bracket post, 251. 
Foundation for ground signal 

mast, 252. 
Ground signal masts, 243. 
Spectacle, Design "A," 248,250. 
Spectacle, Design "B,*' 248. 
Zinc for gravity battery, 290. 
R. S. A. symbols: 

Charging apparatus, 359. 
Circuit controllers, 356-358. 
Circuit plans, 354r-359. 
Instruments, 357-359. 
Location, 350-353. 
Relays, indicators and locks, 354, 

355. 
Sgnals, 348, 349. 
Switches, derails, etc., 352, 353. 
Track plans, 348-353. 
Reactance bonds (see impedance 

bonds). 
Relays: 
Alternating current: 
Boxes for, 274, 275. 
Description of, 109-113. 
Dimensions of, 270, 272. 
Energy data for, 271, 273, 274 
Illustrations of, 110, 112. 
Selection of, 109, 110. 
Types of, 110-112. 
Weii^ts of. 366. 



Belays 

Relays: — {Con.) 
Boxes for: 

Dimensions of, 274, 275. 

Weights of, 367. 
Dimensions of. 266-272. 
Direct Current: 

Boxes for, 275. 

Dimensions of, 266, 268. 

Energy data for, 265, 267. 

Illustrations of, 100, 101. 

Resistance of, 265, 267. 

Testing of, 276. 

Weights of, 366. 
Energy data for, 265-274. 
Indicating: 

Dimensions of, 270. 

Energy data for. 271. 

Weights of, 366. 
Model 1, D. C: 

Boxes for, 275. 

Energy data for, 265. 

Resistance of, 265. 

Test for pick-up and drop- 
away. 276. 

Test for resistance of contacts, 
276. 

Weights of. 366. 
Model 2, Form A. Polyphase: 

Boxes for, 274. 

Description of. 110. 111. 

Dimensions of, 272. 

Energy data for. 271-274. 

Illustration of, 110. 

Test for resistance of contacts. 
276. 

Weights of, 366. 
Model 2, Form B, A. C: 

Boxes for, 275. 

Description of. 111. 

Dimensions of, 270. 

Energy data for, 271. 

Illustration of, 112. 

Test for resistance of contacts, 
276. 

Weifi^ts of. 366. 
Model 3, Form B. A. C: 

Boxes for, 275. 

Description of. 111. 112. 

Dimensions of, 270. 

Illustration of, 112. 

Test for resistance of contacts, 
276. 

Weights of, 366. 
Model 9, D. C. : 

Boxes for, 275. 

Dimensions of, 266. 

Energy data for. 267. 
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Belays 

Relays: — (Con.) 
Model 9, D. C: 

Illustrations of, 101. 
Resistaaoe of. 267. 
Test for pick-up and drop- 
away, 276. 
Test for resistance of o<Mitaot8, 

276. 
Weights of, 366. 
Model Z, Form B. A. C: 
Boxes for, 275. 
Description of, 112. 
Dimensions of, 270. 
Energy data for, 271. 
Illustration of, 112. 
Test for resistance of contacts, 

276. 
Weights of, 366. 
Motor, Three Position, D. C: 
Boxes for, 275. 
Description of, 08, 100, 101. 
Dimensions of, 268. 
Energy data for, 267, 268. 
Illustration of, 100. 
Test for resistance of contacts, 

276. 
Weights of, 366. 
Polarised (seia polarised relay). 
Symbols for, 354, 355. 
Testing: 

Pick-up and drop-away of, 276. 
Resistance of contacts for, 276. 
Three Position D. C. Motor (see 
Relay, Motcnr) : 
Relay boxes: 

Dimensions of, 274, 275. 
Symbols for, 351. 
Weights ^f, 367. 
Rdease, time (see time release). 
Route locking, 135, 136 (see also 
electric locking). 
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Safeguards: 

Cross protection ssrstem, 24~26, 
93. 

Dynamic indication, 24. 

Q. R. S. system, 24-26. 

Interlocking machine, 47-40. 

Switch operating mechanisms, 
61-63. 

Tests for cross protection, 94, 06. 
Safety of G. R. S. electric interlock- 
ing: 

Comparison with mechanical, 8. 

Cross protection, 89. 



Safety of O. R. S. electric interioek- 
ing: — (Cof».) 
Dynamic indication, 24. 
Features important to, 15. 
Test of, 94, 96. 
Sand: 
Concrete, 825. 
Measuring box for, 323. 
Quantities of, for concrete, 324. 
Specific gravities of, 386. 
Weights of, 386. 
Screw release (see time release). 
Secondary batteries (see batteries, 

secondary). 
Sectionalising of Q. R. S. plants. 93, 

94. 
Sectional route locking, 135, 136 

(see also dectric locking). 
Section locking, 134, 135 (see also 

electric locking). 
Selector, indication, 58. 
Semaphore spectacles (see specta- 
cles). 
Shipping distances between cities of 
U. S. and Canada, map of, 
368. 
Shipping weights, 363-367 (see also 

weights), 
gjgnnling practice: 
American, trend of, 11. 
Definitions of, 343-347. 
Principles of signal indications, 

343. 
R. S. A. recommendations for, 
343. 
^gnals: 
Automatic block: 
Basis of adoption in America, 

9. 
Percentage of American Rail- 

wasrs signaled, 9. 
Type first used, 9. 
Blades for upper quadrant, 249. 
Bracket masts for, 243. 
Bridge masts for, 243. 
Control wire for, 22, 70, 83, 308. 
Dwarf (see signal meehanisms). 
Electric lighting for. 127-130. 
Foundations for, 251-253. 
Ground masts for, 243. 
Illustrations of dwarf, 16, 74, 75, 

83,86. 
Dlustratioui of high, 17, 22. 25, 

81. 
Indications, principles of, 343. 
Interlocking (see signal mechan- 
isms). 
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Signals 

Signala : — (Con.) 
Mechanisms (see sisnal mechan- 
isms). 
Spectacles for, 248. 
Symbols for, 348, 349. 
Weights of, 365, 366. 
Signal blades, 249. 
Signal lighting, 127-130 (see also 

lighting). 
Signal mechanisms: 

Circuits for (see circuits, signal). 
Control wire for, 22, 70, 83, 308. 
Dwarf, solenoid (see solenoid 

dwarf signals) . 
Dsmamic indication for (see dsma- 

mic indication). 
Foundations for, 251-253. 
Installation data: 

Adjustments, 237, 239, 241. 

Dimensions, 242, 245-247. 

Foundations for, 251-253. 

Lubrication of, 239. 

Masts for, 243. 

Method of taping wires to, 244. 

Storing of, 237. 

Spectacle adjustment for, 239. 

Tests of, 240. 
Maintenance of: 

Adjustments, 237, 241. 

Lubrication, 239, 241. 

Oiling diagrams, for, 238, 240. 

Spectacle adjustments for, 239. 

Tests for, 240. 
Masts for, 243 
Model 2A non-automatic: 

Adjustment of, 237, 241. 

arcuits for, 23, 71, 254, 255. 

Clamp bearing for, 79. 

Control of, 70-72. 

Control wire for, 22, 70, 308. 

Description of, 22-24. 77-79. 

Description of circuits for, 
22-24. 

Dsmamic indication, advan- 
tages of, 24. 

Dwarf bearing for, 79. 

Gears, clearance of, 78. 

Illustration of, 76. 

Installation of, 237. 

Length of control wire for, 308. 

Lever operati<Mi for, 50, 53. 

Lubrication of, 239. 

Maintenance of, 241. 

Method of taping .wires to, 244. 

Names of parts for, 76. 

Oiling diagrams for, 238, 240. 

Operating data for, 241. 



Signals 

Signal Mechanisms : — (Con.) 
Model 2A, non-automatio : 

Simplified circuits for, 23. 

Size of control wire for, 308. 

Spectacle adjustment for, 239. 

Storing of, 237. 

Tests for, 240. 

Typical circuits for, 71, 254, 
255. 

Weights of, 866. 
Model 2A, semi-automatic: 

Adjustment of, 237, 241. 

Circuits for, 73, 256-259. 

Clamp bearing for, 79. 

Control of, 72-75. 

Control wire for, 22, 83, 308. 

Description of, 81 . 82. 

Dimensions of, 24i2. 

Dwarf bearing for, 79 

Dynamic indication advantages 
of, 24. 

Gears, clearance of, 78. 

Illustrations of, 80, 81. 

Indication spring attachment, 
82. 

Installation of, 237. 

Length of control wire for, 
308. 

Lever operation for, 50-53. 

Lubrication of, 239. 

Maintenance oif, 241. 

MeUiod of taping wires to, 
244. 

Names of parts for, 80. 

Oiling diagram lor, 238. 

Operating data for, 241. 

Size of control wire for, 308. 

Spectacle adjustmei^t for, 239. 

Spring attachment, indication, 
82. 

Storing of, 237. 

Tests for, 240. 

Tsrpical circuits for, 73, 256- 
259 

Weights of, 366. 
Model 3, operating data for, 241. 
Model 7, operating data for, 241. 
Motor driven (see Model 2A sig- 
nals). 
Operating and indicating circuits, 
description of, 22-26, 70-75. 
Solenoid dwarf (see solenoid 

dwarf). 
Symbols for, 348, 349. 
Typical circuits for (see circuits). 
Types of, 70. 
Weights of, 36&-S66. 
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Single BaU 

Single rail A. C. track oirouita» 114- 
119 (see alao track oireuit 
A. C). 
Solenoid dwarf signals: 
Model 2: 
Gii«uits for. 84, 280, 261. 
Control of. 83, 84. 
Control wires for, 83, 308. 
Description of, 83-85. 
Dimensions of, 246, 247. 
Foundations for, 253. 
Illustration of, 83. 
Length of control wires for, 

308. 
Names of parts for, 85. 
Operating data for, 241. 
Operating mechanism for, 85. 
Size of control wires for, 306. 
Weights of, 866. 
Model 3: 

arcuits for, 84, 262. 
Control of, 83, 84. 
Control wire for, 83, 308. 
Description of, 86, 87. 
Dimensions of, 247. 
Foundation for, 253. 
Illustration of, 86. 
Length of control wires for, 

308. 
Names of parts for, 87. 
Operating data for, 241. 
Operating mechanism for, 87. 
Sise of control wire for, 308. 
Weights of, 366. 
Soldering: 

Fluxes for, 299. 
Wire joints, 298, 303. 
Specific gravity of: 
Brick, etc., 386. 
Cement, etc., 386. 
Comparison with Bauxne's Hy- 
drometer, 384. 
Electrolyte, 146. 
liquids, 386. 
Metals, 387, 
Sand, etc., 386. 
Stone, etc., 386. 
Wood, 385. 
Specifications (see under name of 

material). 
Spectacles: 

Blades for, 249. 
Clamp bearing for, 79. 
Dimensions of, 248. 
Dwarf bearings for, 79. 
Torque curves for, 250. 
Square measure, table of, 388. 



Swtteh 

Stakes: 
Spedfications for, 312, 313. 
Weights of, 367. 
Stations, interlocking, 31-35 (see 

also interlocking station). 
Stick locking, 137 (see also electric 

locking). 
Stone: 
Concrete, sise for, 325. 
Measuring box for, 323. 
Quantities for concrete, 324. 
Sixes for concrete, 325. 
Specific gravity of, 386. 
Weights of, 386. 
Storage batteries (see batteries, 

secondary). 
Switches: 

Battery charging, description and 

circuits, 160, 161. 
Nomenclature of, 336. 
Panels for (see panels). 
Symbols for. 357. 358. 
Switchboards: 
Operating: 

Cross protection circuit breaker 

for, 90-92. 
Description of, 45, 46. 
Dimensions of, 181. 
Illustrations of. 43, 44. 
Lighting panels for, 182. 
Location of, 37. 
Polarised relay for, 92, 93. 
Simplified circuits for. 45. 
Weights of. 363. 
Wiling for, 181. 
Power: 

Description of, 40-45. 
Dimensions of, 176-180. 
Illustrations of, 41-43. 
Location of, 37. 
Lighting panels for, 182. 
Manipulation of, 176-180. 
Simplified circuits for, 43. 
Starting panels' for, 181. 
Weights of, 363. 
Wirings for, 176-180. 
Switch boxes (see switch circuit con- 
trollers) . 
Switch circuit controllers : 

Connections toswitch point for ,232. 
Model 3, Form D: 
Dimensions of, 230. 
Illustrations of, 97. 
Weights of, 366. 
Model 4: 

Description of, 69. 
Illustrations of, 69. 
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Switch 

Switoh cucuit oontrollen: — (Con.) 
Model 6, Form A: 

Adjustable cam for, 231. 

Cam for, 231. 

Deecription of, .08. 

Dimensiona of, 231. 

Ulufltrationa of, 08, 00. 

Weishte of, 366. 
Symbols for, 367. 
Weichte of, 366. 
Sipntch layouts: 
Modd 2 switch machine: 

Double slip switch, 223. 

Hayes deraU, 220. 

Movable point frog, 224. 

Movable point frog with double 
slip switch, 226. 

Single slip switch, 222. 

Single switch, 218. 

Slip switches, 222, 223. 

Split point derail, 210. 

Weights of, 364, 366. 

Wharton or Morden derail, 221. 
Model 4 switch machine: 

Double slip switch, 223. 

Hayes derail, 220. 

Movable point frog, 224. 

Movable point frog with double 
slip switch, 226. 

Single slip switch, 222. 

Single switoh, 218. 

Slip switches 222, 223. 

Split point derail, 210. 

Weights of, 364, 366. 

Wharton or Morden denul, 221. 
Switch machine: 
Model 2: 

Adjustment of, 201-204. 

Advantages of dsmamic indica- 
tion of, 24. 

ansuits for, 20, 61, 226, 228. 

Clearanoe compared with Model 
4 switoh machine, 214. 

Control of, 60. 

Control wire for, 10, 60, 308. 

Cross protection for, 24-26. 

Cycle of movemoits of, 212. 

Description of, 64-67. 

Description of circuits for, 
10-22. 

Dimensions of, 216. 

Double lever for, wiring of, 228. 

Drilling of lock rod for, 206. 

Dynamic indication for, 21, 24, 
60,67. 

Energy data for, 214. 

nhistrations of, 21, 62, 63. 



Switch 

Switch machine:*— (Ooi».) 
Model 2: 

Indication selector for, 58. 
Installation data for, 100-206. 
Layouts for, 218-226. 
Length of oontnd wire for, 308. 
Lever, illustoations of, 61, 66. 
Lever, operation of, 40, 60. 
Maintenanoe of, 100-206. 
Motor connections of, 201. 
Names of parts for, 66, 200. 
Operating data for, 214. 
Operation of, 60-67. 
Operation of controlling lever 

for, 40-60. 
Pole changer for, 64. 
Pole changer movement for, 

202. 
Pole changer wiring for, 203. 
Safeguards of, 61-63. 
Simplified circuit for, 20. 
Sise of control wire for, 308. 
Spring attachment for, 63. 
Storing of, 100. 
Switch drouit controllers for 

(see switdi circuit control- 
lers). 
Testing of, 204, 206. 
Tie framing for, 100. 
Time of operation ot, 22, 214. 
Tools for maintenance of, 360, 

370. 
Tsrpical circuits for, 20, 61, 226, 

228. 
Weights of, 366. 
Model 4. 

Adjustment of, 200, 210. 
Advantages of dynamic indicar* 

tion of, 24. 
arcuits for, 20, 61, 227, 228. 
Clearanoe between third rail 

and, 216. 
Clearance compared with Model 

2 switch machine, 214. 
Control of, 60. 

Control wire for, 10, 60, 308. 
Cross protection for, 24-26. 
Cycle of movements of, 213. 
Description of, 67-60. 
Description of circuits for, 

19-22, 
IHmensions of, 217. 
Double lever for, wiring of, 228. 
Dsmamic indication for, 21, 24, 

60. 
Energy data for, 214. 
Illustrations of, 16, 10, 67. 
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Switch 

Switch machine: — {Con.) 
Model 4: 

Indicatioii aAeetat for, 58. 

Installation data for, 207-211. 

Layouts for, 218-225. 

Lenfth of control wire for, 306. 

Lever, illustrations of, 51, 66. 

Lever, operation of, 49, 50. 

Maintenance of, 211. 

Motor connections of, 209. 

Names of parts for, 66, 208. 

Operating data for, 214. 

Operation of, 67-69. 

OpCTation of controlling lever 
for, 49, 50. 

Pole chancer for, 68. 

Pole changer wiring for, 210. 

Safeguards of, 61-63. 

Amplified circuit for, 20. 

Sise of control wire for, 308. 

Storing of, 207. 

Switch circuit controllers for, 69. 

Testing of, 210. 211. 

Third rail clearance for, 215. 

Tie framing for, 207. 

Time for operation of, 214. 

Tools for maintenance of, 369, 
370. 

Typical circuits for. 20, 61. 
227.228. 

Weights of, 365. 
Symbols for, 350. 
Switch mechanisms (see switch ma- 
chine). 
Switch opCTating mechanisms (see 

switch machine). 
Symbols: 

Lever contacts. Model 2 inter- 
locking machine 336. 
R. S. A. standard: 

CSiaiging apparatus, 359. 

Circuit controllers, 356-358. 

Circuit plans. 354-359. 

Instruments, 357-^59. 

Location, 350-353. 

Bdasrs. indicators and locks, 

«Sd4, odd. 

Signals. 348, 349. 

Switches, derails, etc.. 352, 353. 

Track phms. 348-353. 



Tables (see under name of material). 
Tanks: 

Cooling, for gasoline engine: 
Capacity of, 174. 



Track 

Tanks: — (Con.) 
C!ooling for gasoline engine: 
Dimensions of, 174. 
Location of, 171. 
E^)eeifications. R. S. A., for, 174. 

175. 
Water connections for. 170. 
Gasoline: 

Capacity of, 174. 
Dimensions of, 174. 
Location of, 171. 
Specifications, R. S. A., for, 
174^175. 
Tayk>r (G. R. S.) electric interlock- 
ing system (reprint). 405- 
413. 
Temperature: 
Comparison of Fahrenheit and 
Centigrade scales, 392, 393. 
Effect on G. R. S. electric plants, 

10, 11. 
Effect on mechanical plants, 10, 
11. 
Terminal boards: 

Interlocking machine, 57. 
Transformer, 122, 123. 
Tests (see imder name of apparatus) . 
Thermometer scales: 

Comparison of Fahrenheit and 
Centigrade, 392, 393. 
Threads. U. S. standard screw, 

380. 
Tie framing: 

Model 2 switch machine, 199. 
Model 4 switch machine, 207. 
Time release: 

Electrical, 133, 134. 
Mechanical, 58, 59. 
Symbols for, 358. 
Tools, maintenance, 369-370. 
Towers (see interlocking stations). 
Track circuits: 

Alternating current, double rail: 
Bonds for, 120, 121. 
Diagram of, 273. 
Energy curves for, 273. 
Impedance bonds for, 120, 121 
Rdasrs for (see relays A. C.). 
Transformers for (see trans- 
formers). 
Alternating current, single rail: 
Advantages of, 114. 
Central energy scheme, 117- 

119. 
Description of, 114-119. 
Diagrams of, 116, 117. 
Energy required for, 115. 
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Tr»ck 

Track circuits : — (Con.) 

Alternating current, single rail: 
Illustration of, 118. 
Limitations of, 114, 115. 
Relays for (see relays A. C.) . 
Transformers for (see trans- 
formers) . 
Types of, 116, 117. 
Direct current: 

Batteries for (see battery, 

primary) . 
Bond wires for, 378. 
Boot leg for, 316. 
Channel pins for, 378. 
Indicators for, 103-106 (see also 

indicators) . 
Locking circuits for (see electric 

and check locking). 
Relays for (see relays, D. C). 
Tests for, relays, 276. 
Tools for, 370. 
Wire sizes for, 297. 
Track diagrams, 102-106. 
Track indicators: 
Alternating current: 
Description of, 111-113. 
Dimensions of, 270. 
Energy data for, 271. 
Weights of, 366, 367. 
Direct current: 

Description of, 103-105. 
Dimensions of, 268. 
Energy data for, 265, 269. 
Illustrations of, 103-105. 
Weights of, 366. 
Track plans: 

Dog chart for, 55. 
Illustrations of, 54. 
Locking sheet for, 54. 
Symbols for, 348-353. 
Track tools, list of, 370. 
Track transformers (see trans- 
formers) . 
Transformers: 
High tension line: 
Capacity of, 280, 281. 
Combinations of, 122, 123. 
Description of, 122, 123. 
Dimensions of, 279. 
Hanger irons for, 279. 
Illustrations of, 122. 
Ratings of, 280. 281. 
Terminal board for, 122. 
Weights of, 363. 
Windings for, 122, 123. 



Weight 

Transformers : — (Con.) 
Secondary track: 

Description of, 123, 124. 

Dimensions of, 282. 

Illustration of, 123. 

Rating of, 282. 

Weight of, 363 

Windings for, 123. 
Symbols for, 359. 
Trunkinic: 

Area of groove in, 314. 

Board feet for, 315. 

Bootleg for, 316. 

Capacity of, 314. 

Capping for, 315. 

Construction of, 312, 316. 

Dimensions of, 315. 

Hooks required for, 317. 

Joints in, 312. 315. 

Junction box for, 313, 316. 

Nails required for, 317. 

Paint required for, 374. 

Screws required for, 317. 

Sections of, 315. 

Specifications for, 312, 313. 

Stakes for, 312, 313. 

Supports for, 312, 313. 

Surfacing of, 315. 

Table for determining size of, 314. 

Weights of, 367. 

W 

Weight : 

Avoirdupois, 388. 
Brick, etc., 386. 
Cement, etc., 386. 
Electrolyte, 146. 
Lag screws, 382. 
Metals, 387. 
Nails, 382. 
Rpe, 381. 
Sand, etc., 384. 
Shipping: 

Battery chutes, 367. 

Bracket posts, 365. 

Cantilever bracket, 366. 

Chai^ng apparatus, 363. 

Detector bar layouts, 365. 

Dummy mast, 366. 

Dwarf signals, 366. 

Fixed arm, 366. 

Generators, 363. 

Impedance bonds, 367. 

Indicating relays, 366. 

Indicator groups, 366. 

Indicators, 366, 367. 
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Weight 

Weight: — (Con.) 
Slipping: 

Interlocking machines, 363, 
364. 

Junction boxes, 367. 

Lever lock, 364. 

Lighting panels, 363. 

Locking, 364. 

Motor generators, 363. 

Posts for relay boxes, 367 

Relay boxes, 367. 

Relays, 366. 

Signals, complete, 365, 366. 

Signals, dwarf, 366. 

Signals mechanism. Model 2 A, 
366. 

Stakes, 367. 

Switchboards, 363. 

Switch circuit controllers, 366. 

Switch circuit controller rods, 
366. 

Switch layouts, 364, 365. 

Switch machines, 365. 

Transformers, 363. 

Trunking, 367. 
Stone, etc., 386. 
Storage battery cells, 146. 
Tables of, 388, 389. 
Water, 389. 
Wire, 306, 307. 
Wood, 385. 
Welding, fluxes for, 299. 
Wire: 

Aluminum compared with copper, 

310. 
Ck>mmon return, 19, 22, 60, 70, 83, 

93, 309. 
Ck>ntrol for signals, 22, 70, 83, 308. 
Control for switches, 19, 60, 308. 
Copper (see also rubber-covered) : 

Carrying capacity of, 310. 

Compared with aluminum, 310. 

Fluxes for soldering, 299. 

Gauge for, 305. 

Hard drawn, table of, 307. 

Interlocking specifications, R. 
S. A., 297-299. 

Joints in, 298-304. 

Soft drawn, table of, 306. 

Soldering of, 303. 

SpUoing of, 298-304. 

Taping of, 303, 304. 



Zinc 

Wire:— (Con.) 

Copper-clad, table of, 307. 
Gauges for, 305. 
Individual return, 94. 
Iron, table of, 306. 
Rubber-covered copper: 
Conduit for, size of, 314. 
Interlocking specifications, R. 

S. A., 297-299. 
Joints, 298-304. 
Manufacturer's Engineers' 

standard, dimensions of, 311. 
R. S. A. standard, dimensions 

of, 311. 
Soldering of, 304. 
Splicing of, 298-304. 
Tags for, 299. 
Taping of, 303, 304. 
Trunking for, size of, 314. 
Steel, table of, 306. 
Symbols for, 359. 
Wei«^ts of, 306, 307. 
Wirings (see circuits, also name of 

apparatus) . 
Wood, specific gravity and weii^t 

of, 385. 
Written circuits: 

Description of, 331, 332. 
Nomenclature of: 
arcuits, 334-336. 
Circuit controllers, 334-^36. 
Indicator contacts, 335. 
Knife switch, 336. 
Latch contact, 336. 
Lever contacts, numbering of 

336. 
Operated units, 332-334. 
Push button, 336. 
Relay contacts, 335. 
Terminals, 336. 
Time release contacts, 335. 
Wires, 337, 338. 
Illustrations of, 338, 339. 
Plans involved, 331, 332. 
Use of, 331. 
Wrought iron pipe: 
Dimensions of, 381. 
Weight of, 381. 



Zinc for gravity battery cell, 290. 
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